REPORTS 

OF  THE 

COMMISSION 

APPOINTED  BY 

THE  ADMIEALTY,  THE  WAR  OFFICE,  AND 
THE  CIVIL  GOVERNMENT  OF  MALTA, 

FOR  THE  INVESTIGATION  OF 

MEDITERRANEAN  FEVER, 

UNDER  THE  SUPERVISION  OF  AN 

ADVISORY  COMMITTEE 

OF 

THE  HOYAL  SOCIETY. 


PART  V. 


LONDON: 

HARRISON  AND  SONS,  ST.  MARTIN'S  LANE, 

PEI1TTKE3  IN  OEDINAET  TO  HIS  MAJESTY. 


Price  Two  Shillings  and  Sixpence. 
February,  1907. 


REPORTS 

OF  THE 

COMMISSION 

APPOINTED  BY 

THE  ADMIRALTY,  THE  WAR  OFFICE,  AND 
THE  CIVIL  GOVERNMENT  OF  MALTA, 

FOR  THE  INVESTIGATION  OF 

MEDITERRANEAN  FEVER, 

UNDER  THE  SUPERVISION  OF  AN 

ADVISORY  COMMITTEE 

OF 

THE  EOYAL  SOCIETY. 


PART  V. 


LONDON: 

HARRISON  AND  SONS,  ST.  MARTIN'S  LANE, 

PEINTEES  IN  OHDINAEY  TO  HIS  MAJESTY. 


February,  1907. 


CONTENTS. 


T.  Experiments  with  Monkeys  on  various  possible  Paths  of  Infection  in 
Mediterranean  Fever.  By  StafF-Surgeon  E.  A.  Shaw,  M.B.  Cantab, 
Eoyal  Navy   3 

II.  Immunity,  Serum,  Toxin,  and  Vaccine  Experiments  on  Monkeys  witli 

regard  to  Mediterranean  Fever.    By  Staff-Surgeon  E.  A.  Shaw,  R.N.  24 

III.  Further  Observations  on  Goats,  Cats,  Rats,  and  Ambulatory  Cases  in 

connection  with  Mediterranean  Fever.  By  Staff-Surgeon  E.  A.  Shaw, 
R.N   37 

IV.  Micrococcus  melite^isis  and  Antiserum.    By  J.  W.  H.  Eyre,  M.D   42 

V.  Mediterranean  Fever  in  Gibraltar.     By  Major  W.  H.  Hoekocks, 

R.A.M.C   54 

VI.  Bibliography  of  Mediterranean  Fever.  1897  to  1907.  Compiled  by 
J.  W.  H.  Eyee,  M.D.,  Referee  for  Volume  R  (Bacteriology)  of  the 
International  Catalogue  of  Scientific  Literature    66 


I  EXPEEIMENTS  WITH  MONKEYS  ON  VARIOUS  POS- 
SIBLE PATHS  OF  INFECTION  IN  MEDITERRANEAN 
FEVER. 

By  Staff-Surgeon  E.  A.  Shaw,  M.B.  Cantab.,  Royal  Navy. 

The  major  portion  of  the  following  experiments  were  undertaken 
pursuant  to  suggestions  made  by  the  Advisory  Sub-Committee  and 
received  by  me  in  December,  1904.  As  some  of  them  are  merely 
repetitions  of  experiments  already  reported  by  members  of  the  Com- 
mission, it  is  hardly  necessary  to  describe  these  with  great  wealth  of 
detail. 

I.  With  Dust  Infected  with  Micrococcus  melitensis  Derived  from 

Spleen  Cultures. 

The  dust  was  prepared  by  grinding  up  and  sterilising  yellow  Sliema 
soil,  a  layer  of  which,  3/16  of  an  inch  deep,  was  saturated  with  the 
emulsion  obtained  from  one  agar  slope  of  a  seven-day  growth  of  Micro- 
coccus melitensis,  second  generation  from  human  spleen.  This  was  then 
dried  in  incubator  and  plated  to  determine  presence  of  living  Micrococcus 
melitensis ;  then  carefully  powdered  and  used  as  described. 

(a)  Monkey  Placed  in  Air-tight  Box  and  Artificial  Dust  Storm  Created. 

The  infected  dust  was  placed  at  the  bottom  of  a  filtration  flask  which 
was  fitted  with  a  rubber  cork  through  which  passed  a  glass  tube,  one 
end  of  which  almost  touched  the  bottom,  the  other  end  being  connected 
by  rubber  tubing  with  the  nozzle  of  a  pair  of  bellows;  a  side  tube 
from  the  upper  portion  of  the  flask  was  fitted  with  another  piece  of 
rubber  tubing  which  was  passed  into  the  interior  of  an  air-tight  tin 
box  with  one  glass  side,  the  orifice  of  entry  for  the  rubber  tube  being 
luted  with  cotton  wool.  The  monkey  was  enclosed  in  a  bag  with 
a  draw-string  round  its  neck  and  placed  with  its  face  in  direction  of 
the  dust,  which  issued  on  gently  using  the  bellows,  which  were  kept 
going  for  20  minutes,  the  monkey  allowed  to  remain  10  minutes  longer, 
then  removed  and  everything  disinfected. 

Monkeys  No.  64,  in  December,  and  No.  48,  January,  1904-5,  were 
each  subjected  to  this  procedure  once  and  once  only,  the  intention  being 
to  obtain  definite  information  as  to  their  incubation  period  for  this 
form  of  infection  should  the  experiment  succeed.  Both  monkeys  had 
been  under  careful  observation  prior  to  the  experiment  and  neither  had 
ever  given  the  slightest  indication  of  fever,  either  by  rises  of  tempera- 
ture or  in  response  to  frequently  repeated  serum  agglutination  tests. 

Result. — Neither  monkey  became  infected. 
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(b)  Infected  Dud  Blown  up  Mmikeys'  Nostrils. 

A  piece  of  glass  tube  of  about  1/8  of  an  inch  diameter  was  taken, 
one  end  made  conical  and  rounded  off  in  the  Bunsen  flame,  about  half 
a  gram  of  infected  dust  placed  in  it,  the  larger  end  connected  by  a 
rubber  tube  lightly  plugged  with  cotton  wool  to  the  bulb  of  an 
enema.  The  monkey  was  held  by  an  assistant,  the  conical  end  of  the 
dust-containing  glass  tube  placed  in  one  nostril  and  pressed  in  till 
an  air-tight  junction  was  effected  between  the  two,  then  compression 
of  the  rubber  enema  bulb  puffed  the  infected  dust  into  the  nasal 
cavity.  The  plug  of  cotton  wool  above  mentioned  functioned  as  a 
non-return  valve  and  prevented  infected  dust  regurgitating  into  the 
enema  bulb.  The  presence  of  living  Micrococcus  melitensis  in  the  dust 
was  proved  by  plating  it  out  each  time  it  was  used. 

Monkeys  Nos.  65,  77,  and  103  were  subjected  to  this  procedure. 

Monkey  No.  65. — On  December  29,  1904,  was  so  treated.  Prior  to 
this  its  temperature  was  being  taken  and  the  agglutination  reaction 
examined  for  frequently  ;  this  was  first  obtained  in  a  dilution  of  1  in  20, 
January  14;  in  a  dilution  of  1  in  40,  February  16;  in  a  dilution  of 
1  in  400,  February  18.  Its  first  wave  of  temperature  did  not  begin 
till  February  8,  and  only  lasted  till  the  14th,  inclusive,  that  is  seven 
days  ;  this  would  give  an  incubation  period  up  to  the  first  rise  of  tem- 
perature of  40  days.  On  February  14,  blood  was  taken  aseptically 
from  the  saphenous  vein  of  right  leg  (the  manner  of  doing  this  will 
be  described  under  "immunity"  experiments);  incubated  in  broth  for 
seven  days,  then  sub-inoculated  on  to  agar  slopes,  whence  Micrococcus 
melitensis  was  recovered  and  verified  three  days  later.  This  animal 
was  later  used  for  immunity  experiments. 

Monkey  No.  77. — Arrived  from  Calcutta,  March  3,  1905.  Dust  pre- 
pared as  above  described  and  blown  up  nostrils  April  26,  1905.  This 
monkey  never  presented  any  agglutination  reaction  or  fever.  It  died 
of  diarrhoea  June  9.  The  customary  post-mortem  inoculation  of  plates 
and  tubes  from  organs,  etc.,  were  made.  No  Micrococcus  melitensis  was 
recovered. 

Monkey  No.  103. — Arrived  from  Calcutta,  March  3.  Dust  prepared  as 
above  described  and  blown  up  nostrils  once  a  day  for  five  days,  from 
June  29  to  July  3,  inclusive ;  the  reason  for  repeating  this  procedure 
five  times  was  that  this  monkey  had  a  trick  of  shutting  off  its  nasal 
cavity  from  its  pharynx,  so  as  to  make  a  closed  chamber  of  the  former 
which  greatly  interfered  with,  practically  prevented  in  fact,  the  puffing 
of  the  dust  into  its  nostrils,  so  that  a  satisfactory  dose  was  not 
administered  till  the  fifth  day. 

The  agglutination  reaction  was  first  obtained  August  3,  1  in  30,  was 
1  in  160  August  6,  and  1  in  800  August  10,  and  1  in  2,000  August  20. 
It  presented  no  distinct  wave  of  fever  till  August  10,  when  its  evening 
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temperature  went  up  to  103°,  remaining  at  or  above  this  till  the  19th, 
when  it  gradually  descended ;  this  would  give  an  incubation  period 
from  July  3  to  August  10  of  38  days.  Blood  was  taken  from  vein  of 
leg,  as  in  Monkey  No.  65,  on  August  11,  put  in  broth  and  incubated. 
Micrococcus  melitensis  was  recovered  and  verified  from  this  on  August  23. 
During  September  this  monkey  suffered  with  bad  diarrhoea,  dying  on 
September  30.  The  usual  inoculations  of  plates  and  tubes  made  post- 
mortem failed  to  yield  any  Micrococcus  melitensis. 

Result. — Two  monkeys  out  of  three  thus  experimented  on  became 
infected,  the  infection  being  absolutely  proved  by  the  recovery  of 
Micivcoccus  melitensis  from  their  blood  during  life,  the  incubation  periods 
being  respectively  40  and  38  days. 

(c)  Infected  Dust  Placed  in  Conjunctivcd  Sacs. 

Four  monkeys  experimented  with,  Nos.  76  and  78  old  series,  and 
28  and  29  new  series.  In  each  before  experimentation  the  eyes  were 
tested  with  a  solution  of  fiuorescin  and  carefully  examined  for  con- 
junctival scratches  and  abrasions ;  none  were  found.  The  monkey 
being  held  by  two  assistants,  with  one's  left  fingers  the  two  eyelids 
were  separated,  and  with  the  right  hand  a  little  of  the  infected  dust 
was  dropped  from  a  small  spatula  into  the  conjunctival  sac,  the  eyelids 
being  kept  apart  until  the  dust  was  thoroughly  saturated  with  tears, 
and  then  the  animal  was  released. 

Monkey  No.  76. — Dust  dropped  into  eyes  January  23,  1905;  the  animal 
died  of  diarrhoea  February  7  ;  there  had  been  no  agglutination  reaction 
or  rise  of  temperature  during  this  period.  A  very  large  number  of 
plates  and  tubes  were  inoculated  from  the  various  organs  post-mortem, 
but  no  Micrococcus  melitensis  was  recovered. 

Monkey  No.  78. — Infected  dust  dropped  into  eyes  on  May  6,  1905  ; 
May  31,  1905;  June  29,  1905  ;  August  6,  1905  ;  August  26,  1905. 
This  animal's  serum  was  examined  twice  a  week  for  agglutination 
reaction  up  till  October  15,  invariably  with  a  negative  result;  its 
temperature  was  recorded  twice  daily  during  the  whole  period,  but 
there  was  never  any  rise  of  temperature. 

Monkey  No.  28. — Infected  dust  dropped  into  eyes  daily  for  a  week 
commencing  October  29,  1905.  Agglutination  was  first  found 
November  19,  1  in  30,  and  was  1  in  600  November  26.  A  wave  of 
temperature  commenced  November  8,  with  104°  F.  (I  should  put  the 
incubation  period  here  4  to  10  days),  and  lasted  till  the  animal's  death 
on  November  28.  Blood  had  been  taken  from  its  right  saphenous  vein 
the  day  before,  November  27,  and  incubated  in  broth.  Micrococcus 
melitensis  was  recovered  and  verified  from  this  on  December  7.  At  the 
post-mortem  there  was  found  purulent  peritonitis  of  pelvis  and  lower 
part  of  abdomen.  The  usual  inoculations  were  made,  and  on 
December  1  Micrococcus  melitensis  was  found  and  verified  in  innumer- 
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able  colonies  in  the  axillary  and  femoral  lymphatic  gland  plates,  and 
also  in  the  spleen ;  there  were  many  fewer  Micrococcus  meliiensis  colonies 
in  the  liver  plates  and  fewest  of  all  in  the  kidney  plates. 

Monkey  No.  29. — Infected  dust  dropped  into  eyes  daily  for  a  week 
commencing  October  29,  1905.  Agglutination  reaction  first  present 
on  November  12,  1  in  30,  was  1  in  400  November  19,  and  1  in  1500 
on  November  26,  rising  to  1  in  2000  on  December  10,  after  which  it 
fell  away,  being  1  in  1000  on  December  24,  1  in  800  January  14,  1906, 
and  1  in  400  on  January  28.  The  first  wave  of  temperature  began 
November  20  and  lasted  till  November  28,  thus  giving  an  incubation 
period  of  16  to  22  days.  Blood  was  taken  from  right  saphenous  vein 
on  November  21,  incubated  in  broth  and  sub-cultured  on  agar. 
Micrococcus  melitensis  was  thus  recovered  and  verified  November  30. 
The  animal  was  placed  in  a  cage  with  an  uninfected  monkey  (131), 
separated  from  it  by  wire  netting  as  a  limited  contact  experiment,  on 
November  22.  It  developed  acute  diarrhoea  on  January  28  and  died 
on  the  30th.  The  usual  post-mortem  inoculations  were  made  from 
organs  and  lymphatic  glands  and  Micrococcus  melitensis  was  recovered, 
four  colonies  only  in  one  plate  from  a  left  axillary  lymphatic  gland. 

liesult. — Monkeys  Nos.  76  and  78  negative.  Monkey  No.  28  was 
infected,  incubation  period  4  to  10  days.  Monkey  No.  29  was 
infected,  incubation  period  16  to  22  days. 

II.  With  Dust  first  Saturated  with  Mediterranean  Fever 
Patient's  Urine,  Naturally  Containing  Micrococcus  melitensis, 
THEN  Dried  and  Blown  up  Monkeys'  Nostrils. 

Four  monkeys  thus  treated.  The  urine  made  use  of  was  that  from 
ambulatory  Cases  9  and  1 1  (see  Vol.  IV  of  these  reports).  These  two 
urines  have  been  collected  and  plated  out  continuously  twice  weekly 
since  August,  1905,  and  have  never  failed  to  contain  living  Micrococcus 
melitensis  up  to  time  of  writing  (end  of  April).  Small  quantities  of 
sterile  dust  were  placed  in  watch  glasses,  saturated  with  the  urine  and 
dried  in  the  incubator,  and  this  was  blown  up  the  monkeys'  nostrils  in 
the  manner  already  described  (Section  I  (b)). 

Monkey  No.  104.— Eeceived  from  Genoa,  July  12,  1905.  Kept 
under  observation  and  blood  examined  for  agglutination  reaction. 

July  25.  Dust  prepared  as  described  and  blown  up  monkey's 
nostrils ;  this  was  repeated  daily  till  August  27. 

August  28  to  October  3.    Urine  dust  not  administered. 

October  4  to  November  5.    Urine  dust  daily  administered. 

November  6.    Very  seedy. 

November  7.    Obviously  dying.    Chloroform  given. 

Post-mortem  made,  usual  inoculations  from  all  organs  and  lymphatic 
glands.  No  Micrococcus  melitensis  was  recovered.  During  the  whole 
period  of  the  experiment  the  blood  was  examined  twice  a  week  for 
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agglutination  reaction  which  never  appeared,  nor  was  there  any  wave 
of  temperature. 

Monkey  No.  106. — Received  from  Genoa,  July  12.  Treated  in 
precisely  the  same  manner  as  Monkey  No.  104,  commencing  July  25 
and  repeated  daily  till  the  29th.  Unfortunately  the  animal  developed 
violent  diarrhoea  and  died  on  July  31.  The  u?,MaX  post-moiiem  inocula- 
tions from  organs  and  lymphatic  glands  were  made  but  no  Micrococcus 
melitensis  was  recovered.  There  was  never  any  agglutination  reaction 
or  fever. 

Monkey  No.  25. — (New  Series).  Received  from  Calcutta,  October  18, 
1905.  From  October  29  to  November  24  Mediterranean  Fever  urine 
dust  was  blown  up  nostrils  daily,  then  intermitted  because  of 
development  of  diarrhoea. 

November  28,  1905,  to  March  13,  1906,  Mediterranean  Fever  urine 
dust  blown  up  nostrils  daily  between  these  two  dates,  and  then 
suspended. 

During  the  whole  of  this  time,  October  to  March,  periodical 
examinations  for  agglutination  reaction  Avere  being  made  (once  a  week) 
and  the  temperature  was  being  twice  daily  recorded.  There  was  never 
any  agglutination  reaction  present  and  there  was  never  any  fever. 

Monkey   No.    35. — Received    from  Calcutta,  October   18,  1905. 

November  8  to  November  24  urine  dust  blown  up  nostrils  daily. 

November  25  to  November  28.  This  suspended  because  of 
diarrhoea. 

November  29  to  December  24.  Urine  dust  blown  up  nostrils  daily, 
then  again  suspended  five  days. 

December  29  to  March  4.    Urine  dust  blown  up  nostrils  daily. 
March  5  again  suspended.    Monkey  seedy. 
March  11.    Has  developed  acute  diarrhoea. 
March  13.  Died. 

As  with  No.  25,  agglutination  reaction  had  been  examined  for 
weekly  during  the  whole  period  but  had  never  been  present. 
Temperature  had  been  recorded  twice  daily  but  there  had  never  been 
any  fever.  The  usual  post-mortem  inoculations  of  plates  and  tubes 
from  organs  and  lymphatic  glands  were  made  immediately  after  death, 
incubated  and  carefully  examined  for  Micrococcus  7nelitensis,  but  none 
was  recovered. 

Addendum. — Monkey  No.  25  died,  without  obvious  cause  or  dis- 
coverable post-mortem  lesion,  on  April  5,  1906.  It  was  very  thin  and 
emaciated.  The  usual  post-mortem  inoculations  from  all  organs  and 
lymphatic  glands  were  made,  but  no  Micrococcus  melitensis  was 
recovered. 

Result. — Thus  of  four  monkeys  experimented  with  as  described, 
none  became  infected  from  dust  contaminated  with  urine  naturally  " 
containing  Micrococcus  melitensis. 
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III.  Contact  Infection. 

<a)  LIMITED  CONTACT  in  mosquito-pwof  hut  between  an  Infected  and  an 
Uninfected  Monkey  living  in  same  box  on  a  bottom  of  wire  netting 
and  separated  by  a  vertical  wire  netting  partition,  and  Possible 
Infection  by  Urine  and  Mosquitoes  Excluded,  Infection  by  Skin  and 
Skin  Parasites  possible. 

Monkey  No.  81. — Was  kept  under  observation  eight  days  for  tem- 
perature and  agglutination  reaction,  and  then  on  May  30,  1905,  placed 
as  above  with  Monkey  No.  79  which,  on  May  15,  had  received  a  sub- 
cutaneous injection  of  living  Miaococcus  melitensis  and  which  on  May  30 
presented  an  agglutination  reaction  of  1  in  800  and  was  in  a  wave  of 
fever.  Monkey  No.  79  died  on  June  4,  and  Micrococcus  melitensis  was 
recovered  post-mortem,  from  its  spleen.  In  order  to  ascertain  approxi- 
mately incubation  period,  should  infection  occur.  Monkey  No.  81  was 
left  to  live  alone  in  his  box,  under  observation  for  fever  and 
agglutination  reaction.  Neither  having  presented  themselves  by 
July  20,  on  this  date,  Monkey  No.  80  (whose  blood  had  been  proved 
by  culture  in  broth  to  have  contained  Micrococcus  melitensis  on  July  11) 
was  placed  in  the  compartment  formerly  occupied  by  Monkey  No  79. 
On  August  6,  Monkey  No.  81  developed  diarrhoea,  which  in  spite  of 
treatment  got  worse,  this  monkey  dying  on  August  19.  The  usual 
post-rmyrtem  inoculations  from  organs  and  lymphatic  glands  were  made 
iind  incubated,  but  no  Micrococcus  melitensis  was  recovered;  both 
temperature  and  blood  were  under  continuous  observation,  but  there 
was  never  any  fever  or  agglutination  reaction. 

Monkey  No.  131. — A  normal,  uninfected  animal  was,  on  August  29, 
placed  in  one  compartment  of  same  box  (which  had  previously  been 
thoroughly  disinfected)  with  in  the  other  compartment  Monkey 
No.  118,  a  milk  Micrococcus  melitensis  infected  monkey,  whose  blood 
had  been  demonstrated  by  culture  in  broth  to  have  contained 
Micrococcus  melitensis  on  August  12,  and  which  was  in  a  wave  of  fever  and 
presented  an  agglutination  reaction  of  1  in  1000  on  August  27. 
The  two  monkeys  remained  in  same  box  till  October  18,  when  the 
infected  one  (No.  118)  died  of  acute  diarrhoea.  Micrococcus  melitensis 
being  recovered  from  one  femoral  glsmd  post-mortem.  Monkey  No.  131 
now  remained  alone  till  November  22,  when  Monkey  No.  29  (new 
sbries)  was  placed  in  the  compartment  vacated  by  Monkey  No.  118; 
Monkey  No.  29  had  been  infected  by  placing  dust  containing 
Micrococcus  melitensis  into  its  eyes,  and  Micrococcus  melitensis  had  been 
demonstrated  to  have  been  present  in  its  blood  on  November  21 
by  culture  in  broth.  These  two  monkeys  remained  together  till 
January  3,  1906,  when  Monkey  No.  131,  which  had  previously 
developed  diarrhoea,  died.  The  usual  post-mortem  inoculations  of  plates 
and  tubes  from  organs  and  glands  were  made  and  incubated,  but 
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Micrococcus  melitensis  was  not  recovered ;  the  animal  had  been  under 
continuous  observation  for  fever  and  agglutination  reaction,  but  never 
presented  either.  Its  companion  (Monkey  No.  29)  died  January  30, 
1906,  and  Micrococcus  melitensis  was  recovered  ^os/-m«-fe7?j. 

(b)  FULL  CONTACT  between  an  Infected  and  an  Uninfected  Monkey  living 
in  same  box,  Mosquito  Infection  alone  Excluded. 

Monkeys  Nos.  82  and  115  were  the  uninfected  monkeys  thus 
experimented  on. 

Monkey  No.  82.— Kept  under  observation  for  eight  days  for  tempera- 
ture and  agglutination  reaction,  then  placed,  on  May  30,  1905,  with 
Monkey  No.  80,  which,  on  May  15,  had  received  a  subcutaneous 
injection  of  Micrococcus  melitensis  and  on  May  29  was  in  a  M^ive  of 
fever  and  presented  an  agglutination  reaction  of  1  in  3000,  Micrococcus 
melifensi'<  being  recovered  from  its  blood  in  July,  1905. 

Monkey  No.  82,  on  July  9,  first  presented  agglutination  reaction  in 
a  dilution  of  1  in  40,  which  had  risen  to  1  in  1000  by  July  23,  but  it 
never  presented  any  distinct  wave  of  fever,  its  temperature  never 
rising  above  102°-6.  F.  On  July  15  blood  was  taken  asepticall)'^  from 
the  right  saphenous  vein  of  Monkey  No.  82,  incubated  in  broth,  and 
on  July  23  Micrococcus  melitensis  was  recovered  and  verified  from  this. 
On  August  2  this  animal  was  lent  to  Major  Horrocks  to  be  used  for 
mosquito-infection  experiments  at  Lazzaretto.  In  October  its  agglu- 
tination had  fallen  to  1  in  80  and  to  1  in  20  in  November. 

Monkey  No.  115. — Arrived  from  Genoa,  July  12,  1905.  Kept  under 
observation  for  agglutination  reaction  and  temperature  till  July  20, 
when  it  Avas  placed  in  same  cage,  in  full  contact  under  mosquito-proof 
conditions,  with  Monkey  No.  100,  which  on  June  28  had  received 
a  drop  of  emulsion  of  Miarococais  melitensis  in  the  eye,  and  whose 
blood  on  July  18  had  been  proved  to  contain  Micrococcus  melitensis, 
and  which  on  July  20  was  in  a  wave  of  fever  and  presented  an 
agglutination  reaction  of  1  in  1500.  These  two  animals  lived 
together  till  November  1,  when  Monkey  No.  115  never  having 
presented  the  slightest  indication  of  infection.  Monkey  No.  100  was 
taken  out  of  the  box  and  replaced  by  Monkey  No.  27  (new  series) 
which  was  just  commencing  a  wave  of  fever,  having  received  a  sub- 
cutaneous injection  of  Micrococcus  melitensis  on  October  25  and  whose 
blood  was  demonstrated  by  broth  culture  to  have  contained  living 
Micrococcus  melitensis  on  November  1.  Monkeys  No.  115  and  27  lived 
together  till  the  death  of  the  latter  on  March  2. 

Monkey  No.  115  had  never  presented  any  wave  of  fever  or 
agglutination  reaction  from  July  20,  1905,  to  March  20,  1906,  during 
which  period  its  temperature  had  been  recorded  twice  daily  and  its 
blood  examined  for  agglutination  reaction  to  Micrococcus  melitensis 
once  weekly. 
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Result—Limited  contact  experiments  on  two  monkeys,  Nos.  81  and 
131  ;  neither  infected. 

Full  contact  experiments  on  two  monkeys;  Monkey  No.  82  was  infected 
as  evidenced  by  recovery  of  Micrococcus  melitensis  from  its  blood  during 
life,  incubation  period  impossible  to  determine.  Monkey  No.  115  was 
not  infected.  I  consider  Monkey  No.  82  as  almost  certainly  infected 
through  the  urine  of  Monkey  No.  80.  In  the  winter  of  1904-05 
I  caused  partitions  to  be  placed  separating  and  isolating  the  boxes  for 
monkeys  on  the  terrace,  a  plan  of  which  is  given  in  Vol.  I  of  these 
reports.  The  floor  of  the  terrace  is  concrete  cement,  and  so  each 
partition  was  embedded  in  cement  at  its  junction  with  the  floor.  The 
object  of  this  was  to  eliminate  the  possibility  of  accidental  infection 
through  urine.  So  far  as  I  know  not  a  single  monkey  has  been 
infected  save  as  the  result  of  purposeful  experiment  since  this  was 
done. 

IV.  Infection  through  various  Mucous  Membranes  with  Emul- 
sion OF  Micrococcus  melitensis  derived  from  Human  Spleen 
Growths  and  Dropped  into 

(a)  Conjunctival  Sac. 

In  these  experiments,  to  ascertain  as  far  as  possible  that  one  was 
attempting  to  infect  through  an  unbroken  mucous  membrane,  and  not 
through  a  scratch  in  it,  a  solution  of  fluorescin  was  first  applied  in  the 
manner  familiar  in  ophthalmic  practice,  and  the  mucous  membrane 
carefully  examined  with  a  lens  for  staining  of  abrasions  or  scratches. 

Two  monkeys,  61 A  and  100  were  both  thus  experimented  on. 

Monkey  No.  61 A — After  being  under  preliminary  observation  to 
determine  its  freedom  from  infection,  on  December  19,  1904,  it 
received  in  each  conjunctival  sac  one  drop  of  an  emulsion  in  distilled 
sterilised  water  of  a  seven-day  growth  of  second  generation  of 
Micrococcus  melitensis  from  human  spleen.  Its  temperature  remained 
practically  normal  till  the  morning  of  January  3,  Avhen  it  was  103°, 
rising  to  104°  same  evening,  and  being  106°  on  morning  of  January  4, 
returning,  after  describing  a  characteristic  wave,  to  the  normal  on 
January  13.  Agglutination  reaction  was  first  found  on  January  3  in 
a  dilution  of  1  in  40,  on  January  9  was  1  in  160,  on  January  16  1  in 
1500.  On  January  14,  blood  was  taken  aseptically  from  right 
saphenous  vein  and  incubated  in  broth;  Micrococcus  melitensi'^  was 
i-ecovered  from  this  and  verified  in  the  usual  way.  The  animal  was 
later  used  for  an  immunity  experiment.  The  incubation  period  here  is 
obviously  15  days. 

Monkey  No.  100.— After  preliminary  observation,  to  determine 
freedom  from  infection,  this  animal  received  on  June  28,  1905,  into 
each  conjunctival  sac  one  drop  of  an  emulsion  of  Micrococcus  melitensis 
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derived  from  human  spleen.  On  July  13  the  agglutination  reaction 
with  Mia-ococcus  melitensis  was  first  obtained.  On  July  12  it  commenced 
a  wave  of  fever  ranging  about  104°,  being  therefore  not  so  marked  as 
in  Monkey  No.  61a.  On  July  16,  blood  was  taken  aseptically  from 
its  right  external  saphenous  vein  and  incubated  in  broth;  from  this 
living  Micn-ococcus  melitensis  was  later  recovered  and  verified.  The 
animal  was  later  also  made  use  of  for  an  immunity  experiment.  The 
incubation  period  here  was  14  days. 

Result.— Both,  monkeys  experimented  on  became  infected,  the  infec- 
tion being  absolutely  proved  by  the  recovery  of  Micrococcus  melitensis 
from  their  blood  during  life,  the  incubation  periods  being  respectively 
15  and  14  days. 

(b)  Emulsion  of  Micrococcus  melitensis  Dropped  in  Trachea. 

This  was  Experiment  22  suggested  by  Advisory  Sub-Committee  and 
allotted  to  me  for  performance.  It  was  at  first  intended  to  use  a  small 
serum  syringe  with  which  to  deposit  the  single  drop  of  emulsion  in  the 
trachea,  but  on  rehearsing  the  experiment  so  much  uncertainty  was 
felt  owing  to  the  inability  to  see  the  end  of  the  column  of  fluid  in  the 
needle,  and  from  the  absence  of  a  stop  on  the  needle  the  risk  of 
puncturing  the  opposite  side  of  the  trachea  seemed  so  great,  as  to  render 
it  extremely  likely  that  the  primary  condition  of  the  experiment,  which 
was  that  there  should  be  no  soiling  of  any  wound  surface  with  Micrococcus 
melitensis,  would  not  be  realised ;  the  object  being  to  ascertain  possi- 
bility of  infection  and  duration  of  incubation  period  in  the  case  of 
unbroken  tracheal  mucous  membrane.  The  method  ultimately  decided 
on  was  the  following  : — A  sterile  glass  pipette  was  taken,  and  its  fine 
terminal  portion  bent  in  the  flame  at  a  right  angle  about  1^  inches 
from  its  point ;  the  butt  end  of  the  pipette  had  been  as  usual  lightly 
plugged  with  cotton  wool  and  was  now  fitted  with  a  piece  of  rubber  tube 
provided  with  a  mouth-piece ;  by  suction  the  equivalent  of  two  drops 
of  sterile  normal  salt  solution  was  drawn  into  the  capillary  portion  of 
the  pipette,  then  a  bubble  of  air,  and  then  the  equivalent  of  one  drop 
of  emulsion  of  Micrococcus  melitensis ;  thus  one  had  in  the  capillary 
portion  of  the  pipette  two  columns  of  fluid  separated  by  a  bubble  of 
air ;  that  nearest  the  thick  end  of  the  pipette  being  sterile  salt  solution, 
that  nearest  its  terminal  extremity,  and  hence  the  first  to  make  its 
exit,  being  emulsion  of  Micrococcus  melitensis,  the  terminal  end  of  which 
column  was  arranged  to  coincide  with  the  situation  of  the  right  angle 
already  mentioned ;  these  two  columns  were  maintained  motionless  in 
the  long  capillary  part  of  the  pipette  by  putting  a  spring  clamp  on 
the  rubber  tube;  and  finally  the  middle  of  the  1|  inch  terminal  part 
of  the  pipette  was  placed  in  the  peep  light  of  a  Bunsen  burner,  and 
drawn  out  sharply  very  fine;  this  left  a  small  shoulder,  and  the 
capillary  filament  was  broken  ^th  of  an  inch  from  this  with  a  pair  of 
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sterilised  scissors,  and  thus  the  terminal  fine  end  of  the  pipette  was 
sterile.  On  rehearsing  with  this  on  a  dead  monkey,  everything  went 
satisfactorily. 

The  trachea  below  the  larynx,  which  in  the  monkey  is  enclosed  in  the 
fused  sternohyoid  muscles  of  both  sides,  having  been  laid  bare,  the 
sterilised  pointed  extremity  of  the  prepared  pipette  was  passed  between 
two  rings  of  the  trachea,  being  arrested  with  its  point  just  inside  the 
trachea  by  the  little  shoulder  mentioned ;  the  mouth-piece  of  the  rubber 
tube  being  in  the  mouth  a  little  air-pressure  was  got  up  and  the  clamp 
removed;  the  column  of  Micrococcus  melitensis  emulsion  at  once  dis- 
appeared from  sight,  followed  by  the  bubble  of  air  and  then  by  the 
column  of  sterile  normal  saline  which  was  intended  to  wash  away 
traces  of  the  Micrococcus  melitensis  emulsion  from  the  tip  of  the  pipette 
and  so  prevent  its  soiling  the  puncture  of  entry  on  withdrawal.  The 
experiment  as  described  was  performed  on  Monkey  No.  48  (which  had 
been  subjected  to  the  usual  preliminary  observation)  under  chloroform 
on  January  31,  1905,  the  animal  being  placed  on  a  board  sloping  at 
about  30°  from  the  vertical  so  as  to  allow  gravity  to  act  on  the  fluid 
injected  into  the  trachea.  The  operation  wound  had  healed  on 
February  6.  It  was  examined  periodically  for  agglutination  reaction, 
which  first  appeared  on  February  16  in  a  dilution  of  1  in  320,  rising  to 
1  in  3000  on  February  20.  A  wave  of  temperature  began  on  the 
evening  of  February  15,  when  it  was  103°,  ascending  daily  till  it  was 
106°  on  February  20,  thus  giving  an  incubation  period  of  15  days.  On 
February  21  blood  was  taken  aseptically  from  the  right  external 
saphenous  vein  and  incubated  in  broth.  Micrococcus  melitensis  was 
thus  recovered  and  verified.  The  animal  seemed  to  fully  recover  and 
be  quite  well  during  second  week  in  March,  but  on  March  15  was  very 
ill  and  died  on  the  morning  of  March  16.  The  usual  post-mortem 
inoculations  of  plates  and  tubes  from  the  various  organs  were  made, 
and  Micrococcus  melitensis  was  recovered,  but  from  the  spleen  only.  At 
the  post-mortem  there  was  no  trace  of  the  operation  save  the  scar  in  the 
skin  ;  all  had  healed ;  there  was  a  good  deal  of  frothy  mucus  in  the 
trachea,  and  both  lungs  were  hepatised;  inoculations  from  these 
yielded  a  Gram-staining,  acid-producing  coccus  which  was  not  further 
investigated. 

Besult. — Monkey  No.  48  was  infected  through  the  mucous 
membrane  of  the  trachea,  the  infection  being  proved  by  the  recovery 
of  Micrococcus  melitensis  both  during  life  and  after  death,  the  incubation 
period  being  15  days,  similar  to  that  in  the  case  of  the  two  monkeys 
infected  through  the  conjunctival  mucous  membrane. 

(c)  Emulsion  of  xMicrococcus  melitensis  Dropped  into  Nostrils. 

Monkey  No.  118  was  received  from  Genoa,  July  12,  1905,  was  kept 
under  observation  for  temperature  and  agglutination  reaction  till 
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July  20,  when,  being  free  from  infection,  it  was  held  on  its  back  and 
three  drops  of  an  emulsion  of  Mia-ococcus  melitensis,  derived  from  the 
milk  of  No.  2  Bighi  Goat  of  July  13,  was  dropped  into  each  nostril, 
the  position  of  the  monkey's  head  being  such  as  to  allow  this  to 
trickle  over  the  turbinate  bones.  Its  blood  was  frequently  examined 
for  agglutination  reaction,  which  first  appeared  on  August  3  in  a 
dilution  of  1  in  30,  rising  to  1  in  320  on  August  6  and  1  in  960 
on  August  10.  It  commenced  a  wave  of  fever  on  August  3,  when  its 
evening  temperature  ran  up  to  104°,  being  on  August  4  104°'6,  and 
on  August  5  105°,  thus  giving  an  incubation  period  of  14  days.  Blood 
was  taken  aseptically  from  its  external  saphenous  vein  on  August  12, 
and  was  incubated  in  broth.  Micrococcus  melitensis  was  recovered  and 
verified  from  this.  During  September  and  October  the  animal  suffered 
intermittently  from  diarrhoea,  ultimately  dying  on  October  18.  The 
usual  post-mortem  inoculations  of  plates  and  tubes  were  made,  and 
Micrococcus  rnelitensis  was  recovered  and  verified,  but  only  in  small 
quantity,  four  colonies  from  one  femoral  lymphatic  gland. 

Result. — Monkey  No.  118  was  infected  through  the  nasal  mucous 
membrane,  as  proved  by  the  recovery  of  Micrococcus  melitensis  during 
life  and  after  death,  the  incubation  period  being  14  days,  similar  to 
that  in  the  case  of  infection  through  the  conjunctival  and  tracheal 
mucous  membranes. 

V.  Infection  by  Mosquitoes. 

Monkerj  No.  76,  uninfected,  had  been  subjected  by  Major  Horrocks, 
on  September  22,  27,  and  29,  1904,  to  the  bites  of  mosquitoes  which 
had  48  hours  previously  fed  on  an  infected  monkey,  after  which 
the  animal  was  turned  over  to  me  for  continuance.  The  method  I 
adopted  was  to  place  four  mosquitoes — all  procurable  varieties  being 
utilised — in  a  large  pill  box  with  a  glass  top  and  a  coarse  gauze 
bottom ;  two  sets  of  six  of  these  boxes  were  used.  The  insects  were 
first  applied  to  the  hypochondriac  regions  of  the  infected  monkeys 
(Monkey  No.  60a  subcutaneously  injected  September  16  and  Monkey 
No.  72  food-infected  September  19),  kept  there  till  at  least  three  of  the 
four  in  each  box  had  fed,  the  date  and  monkey's  number  noted  on  the 
rim  of  the  box,  which  was  then  placed  in  the  dark  for  48  hours,  after 
which  it  was  brought  out  and  applied  to  the  uninfected  monkey  till 
feeding  had  taken  place.  The  object  of  having  two  sets  of  six  boxes 
was  to  enable  one  to  apply  presumably  infected  mosquitoes  every  two 
days  instead  of  every  four.  Whenever  all  the  mosquitoes  were  dead 
another  box  was  commenced  with  insects  obtained  from  the  Central 
Civil  Hospital  ward  in  which  the  Mediterranean  Fever  cases  were 
accommodated.  Some  of  the  mosquitoes,  generally  Stegomyia  fasciata, 
would  live  as  long  as  four  weeks,  alternately  feeding  on  the  uninfected 
and  the  infected  monkeys,  Culex  seldom  more  than  four  or  five  days. 
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The  experiment  as  described  was  continued  by  me  for  just  over  two 
months  till  December  1,  when  it  had  to  be  discontinued  owing  to  the 
difficulty  of  obtaining  and  keeping  the  mosquitoes  alive.  Monkey  60a 
was  not  used  for  infecting  mosquitoes  after  the  end  of  September.  The 
infectivity  of  Monkey  No.  72  was  kept  up  by  subcutaneous  injections 
of  living  Micrococcus  melitensis  on  October  18  and  Novemljer  10,  and 
this  organism  was  recovered  and  verified  from  its  blood  on  October  10 
and  24  and  November  6  and  21.  The  temperature  of  Monkey  No.  76 
was  recorded  twice  daily,  and  its  blood  examined  once  weekly,  but  up 
to  the  date  of  its  death  on  February  7,  1905,  it  never  presented  any 
fever  or  agglutination  reaction,  nor  was  any  Micrococcus  melitensis 
recovered  from  its  organs  post-mortem.  (It  was  used  for  an  abortive 
dust  experiment  from  January  27  to  February  7.) 

Result. — Negative.    Monkey  No.  76  remained  uninfected. 

VI.  To  Determine  Infectivity  of  Sea  Water  Fouled  with 

Sewage. 

Monkey  No.  71,  on  which  Major  Horrocks  had  begun  this  experi- 
ment, was  turned  over  to  me  at  end  of  September,  1904.  Water,  often 
visibly  fouled  with  sewage,  was  collected  for  me  from  the  immediate 
neighbourhood  of  H.M.S.  "  Egmont,"  the  stationary  depot  ship  at 
Malta  which  has  living  on  board  a  number  of  men  varying  from  400 
to  700.  Three  bottles  full  totalling  1,800  c.c.  were  taken  and  their 
contents  passed  through  a  Berkefeld  filter  which  had  been  ascertained 
by  previous  experiment*  not  to  pass  Micrococcus  melitensis.  The  deposit 
on  the  filter  candle  was  then  washed  by  passing  600  c.c.  of  distilled 
water  through,  and  then  with  a  sterile  swab  the  deposit  was  emulsified 
in  10  c.c.  of  this  and  with  a  sterile  syringe  injected  subcutaneously 
between  the  shoulders  of  Monkey  No.  71.  This  I  repeated  three  times 
a  week  from  September  29  to  November  9,  by  which  time  the  equivalent 
of  37 "8  litres  of  sewage  fouled  sea  water  had  been  administered.  By 
now  this  monkey  had  become  very  thin  and  wasted,  on  November  1 1 
it  was  decidedly  ill  and  died  on  the  12th.  The  usual  post-vimiem 
inoculations  of  tubes  and  plates  from  viscera,  etc.,  were  made,  but  no 
Micrococcus  melitensis  was  recovered.  The  temperature  and  blood  had 
been  under  continuous  observation,  but  there  was  never  any  fever  or 
ao-glutination  reaction, 
'^i^esiiif.— Negative.    Monkey  No.  71  was  not  infected. 

VII.  Feeding  Experiments. 

(a)  Monkeys  Fed  with  Boiled  Potatoes  Contaminated  with  Mediterranean 
Fever  Urine  naturally  containing  Living  Micrococcus  melitensis. 
The  urine  used  was  obtained  from  my  Ambulatory  Cases  IX  and  XI, 
and  it  was  demonstrated  by  plating  twice  weekly  from  August,  1905,  to 

*  See  p.  108,  Part  I  of  these  Eeijorta. 
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April,  1906,  to  have  contained  living  Micrococcus  melitensis  during  the 
whole  period  of  these  experiments.  Each  monkey  was  given  once  a 
day  half  a  potato  on  which  had  been  spread  about  a  teaspoonful  of 
infected  urine ;  they  invariably  ate  the  whole  or  a  portion  of  this. 

Mo7ikey  No.  120  was  received  from  Calcutta  on  July  28,  1905,  was 
fitted  with  a  leather-covered  collar  and  chain,  as  were  all  the  monkeys 
in  these  feeding  experiments,  so  as  to  avoid  abrasions  of  the  mouth,  and 
their  food  was  invariably  soft.  After  the  customary  preliminary 
observations,  potatoes,  prepared  as  above,  were  given  to  it  daily  for  a 
period  of  29  days  commencing  on  August  7.  The  animal  died  on 
September  26.  In  my  absence  Captain  Kennedy  kindly  made  the 
usual  post-mortem  inoculations  of  tubes  and  plates  from  the  organs ;  no 
Micrococcus  melitensis  was  recovered.  The  animal's  temperature  had 
been  under  observation  twice  daily  and  blood  twice  weekly.  There 
was  never  any  wave  of  fever  or  any  agglutination  reaction. 

Monkey  No.  120  was  not  infected. 

Monkey  No.  121. — Similarly  experimented  with. 

August  7  till  September  5,  1905,  fed  daily  with  urine-contaminated 
potatoes. 

September  6  till  March  11,  1906,  fed  every  Tuesday  and  Friday 
without  intermission  with  Micrococcus  Hig/i^gTisis-containing-urine-con- 
taminated  potatoes.  This  animal  had  been  under  close  observation  the 
whole  period,  it  had  had  no  wave  of  fever  nor  had  its  blood  ever 
reacted. 

Monkey  No.  121  had  not  been  infected. 

Monkey  No.  26  (New  Series)  was  similarly  experimented  with,  com- 
mencing October  29,  1905,  and  continuing  twice  weekly  till  March  11, 
1906,  when  the  experiment  was  suspended.  This  animal  similarly  had 
resisted  infection  thus  sought  to  be  conveyed. 

(b)  Monkeys  Fed  with  Potatoes  Soiled  with  Dust  which  had  been  Saturated 
with  Mediterranean  Fever  Urine  naturally  containing  Micrococcus 
melitensis. 

The  urine  used  was  from  the  same  patients  as  in  the  preceding  experi- 
ments, and  was  yielding  200  to  8,000  colonies  of  Micrococcus  melitensis 
per  cubic  centimetre.  The  dust  was  first  sterilised,  then  a  teaspoonful, 
placed  in  a  watch  glass,  was  saturated  with  a  teaspoonful  of  the  urine 
and  left  to  dry  at  room  temperature  for  24  hours;  then  about  half 
a  gramme  of  it  was  ground  up  with  half  a  boiled  potato  and  given  to 
each  monkey. 

Monkpy  No.  122.— After  the  usual  preliminary  observations  feeding 
was  commenced  as  described  on  August  7,  1905,  and  was  continued 
daily  for  28  days.  From  September  6  to  February  25,  1906,  it  was 
continued  twice  weekly  with  an  intermission  of  one  week  in  November 
and  another  in  December  because  of  diarrhoea,  and  on  March  2,  1906, 


16 


Staff-Surgeon  E.  A.  Shaw.    Experiments  on 


the  animal  died.  There  had  never  been  any  wave  of  temperature,  a 
very  slight  agglutination  reaction  had  been  noticed  on  October  4,  1905, 
then  disappearing  to  appear  once  again  on  December  26,  and  this  only 
in  the  low  dilution  of  1  in  30.  The  usual  post-mortem  inoculations  of 
tubes  and  plates  were  made  and,  much  to  my  surprise,  seven  colonies 
of  Micrococcus  vielitensis  were  recovered  and  verified  in  a  plate  prepared 
from  the  left  kidney ;  there  were  none  from  the  other  organs  or 
lymphatic  glands. 

Monkey  No.  122  had  been  infected. 

Monkey  No.  123. — After  the  usual  preliminary  observations  to  prove 
freedom  from  infection,  similar  feeding  was  commenced  with  this 
animal  also  on  August  7,  1905,  and  continued  daily  for  28  days. 
From  September  6  to  October  25  it  was  fed  with  the  Mediterranean 
Fever  urine-dust-contaminated  potato  twice  weekly.  On  October  21 
the  agglutination  reaction  was  obtained  in  a  dilution  of  1  in  30,  rising 
to  1  in  320  October  25.  Blood  was  taken  from  the  external  saphenous 
vein  and  incubated  in  broth,  but  Micrococci  inelitensis  was  not 
obtained.  On  October  29  the  agglutination  reaction  was  up  to  1  in 
1500,  on  the  evening  of  which  day  its  temperature  was  103° ;  there  had 
been  no  previous  indication  of  a  wave  of  fever,  and  as  next  day 
the  temperature  was  down  to  101°"8,  fearing  I  was  in  danger  of 
missing  the  irrefutable  proof  of  recovery  of  Micrococcus  melitensis  from 
this  animal,  I  administered  chloroform,  and  made  the  usual  inocula- 
tions from  glands  and  organs,  and  after  the  usual  period  of  incubation 
thus  recovered  and  verified  Micrococcus  melitensis  in  numerous  colonies 
from  the  lymphatic  glands  and  liver,  kidney  and  spleen. 

Monkey  No.  123  had  been  infected. 

Monkey  No.  30. — Feeding  was  commenced  with  this  monkey  on 
October  31,  1905.  Sufficient  infected  urine-dust  was  prepared  every 
Tuesday  and  Friday  to  allow  of  giving  this  monkey  a  daily  portion 
ground  up  with  potato,  and  this  was  continued  till  December  24 ;  it 
was  suspended  from  25th  to  29th  because  of  an  attack  of  diarrhoea 
which  the  monkey  developed;  resumed  again  December  30  till 
January  7,  1906,  when  it  was  again  suspended  for  the  same  reason. 
In  spite  of  treatment  the  monkey  got  worse  and  died  January  10. 
The  usual  post-mortem  inoculations  of  tubes  and  plates  were  made,  but 
Micrococcus  melitensis  was  not  recovered.  This  monkey  had  never 
developed  any  wave  of  fever  or  any  agglutination  reaction. 

Monkey  No.  30  had  not  been  infected. 

(c)  Monkeys  Fed  with  Potatoes  Soiled  with  an  Emulsion  of  Micrococcus 
melitensis  Derived  from  a  Human  Spleen  Culture. 

A  five-day  growth  of  Micrococcus  melitensis,  fifth  generation  from 
human  spleen,  the  product  of  one  straight  stroke  of  an  infected  needle 
on  an  agar  slope  was  taken  daily,  and  emulsified  in  water;  a  boiled 
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potato  was  cut  in  two,  each  cut  surface  was  soiled  with  the  emulsion, 
and  the  two  halves  were  then  given  to  the  two  monkeys,  Nos.  124  and 
125.  This  was  done  daily  for  29  days,  commencing  (after  the  usual 
preliminary  observations)  on  August  7,  1905.  It  must  be  noticed  that 
here  one  was  dealing  with  enormous  numbers  of  the  cocci  each  time, 
but  at  that  period  it  was  deemed  of  considerable  importance  to 
determine  absolutely  whether  or  not  monkeys  could  be  infected  by  the 
alimentary  canal. 

Monkey  No.  124. — Feeding  commenced  August  7.  Agglutination 
reaction  first  obtained  on  August  20  in  a  dilution  of  1  in  30,  rising  to 
1  in  320  on  August  24,  and  1  in  1000  on  August  27.  There  was  no 
very  distinct  wave  of  fever,  but  103°*2  was  recorded  on  August  20, 
104°  on  the  24th,  and  105°  on  August  28  j  prior  to  August  20  the 
animal's  temperature  was  ranging  between  101°  and  102°  "6.  Blood 
was  taken  and  incubated  in  broth  on  August  21,  and  again  on 
August  29  and  September  19.  Micrococcus  melitensis  was  not  recovered 
from  the  blood  on  any  of  these  occasions,  so  fearing  to  lose  the 
indubitable  proof  of  actual  recovery  of  the  micro-organism,  I  gave  the 
animal  chloroform  on  October  1,  and  made  the  usual  post-morter^i 
inoculations  of  plates  and  tubes.  Micrococcus  melitensis  was  thus 
recovered  and  verified,  but  only  in  small  quantity  : — 

7  colonies  from  the  right  axillary  lymphatic  glands 
^       JJ  JJ      ^sft       ,,  ,,  ,, 

1  colony         „      right  femoral         „  ,, 
and  none  from  the  large  viscera  or  other  lymphatic  glands. 

Monlceij  No.  125. — Feeding  commenced  August  7.  Agglutination 
first  obtained  September  4  in  a  dilution  of  1  in  40,  rising  to  1  in  500 
on  September  10,  and  1  in  800  on  September  28.  There  was  a  slight 
wave  of  temperature  commencing  August  25,  when  it  rose  to  103° -2, 
being  104°  on  the  26th,  and  remaining  at  or  about  this  for  nine  days, 
when  it  came  down  to  what  it  had  been  before,  101°  to  102°-5.  Blood 
was  taken  and  ijicubated  on  September  19,  but  no  Mia-ococaiis  melitensis 
was  recovered,  and  in  consequence  chloroform  was  given  on  October  2, 
and  the  usual  post-mmiem  inoculations  of  slopes  and  plates  made. 
Here,  as  in  the  preceding  case.  Micrococcus  melitensis  was  recovered  and 
verified,  but  only  in  small  quantity,  and  only  from  the  lymphatic 
glands  :  right  femoral  2  colonies,  right  axillary  1  colony. 

Monkeys  Nos.  124  and  125  were  both  infected. 

(d)  Monkeys  Fed  with  Potatoes  Soiled  with  Emulsion  of  Micrococcus 
melitensis  Derived  from  Human  Urine. 

This  experiment  was  precisely  a  repetition  of  the  last,  and  was 
earned  out  in  an  exactly  similar  fashion,  the  only  difference  being  that 


18  Staff-Surgeon  E.  A.  Shaw.    Experiments  on 


a.  different  strain  of  Micrococcus  melitensis  was  used,  one  derived  from 
the  urine  of  Ambuhitory  Case  No.  IX. 

Monkey  No.  126. — Feeding  commenced  August  7.  Agglutination 
first  appeared  on  August  24,  very  slight  in  a  dilution  of  1  in  30  ;  it  was 
still  1  in  30,  very  faint,  on  August  27,  nil  on  September  1,  and  1  in 
80  on  September  4  and  10.  There  was  no  distinct  wave  of  fever,  the 
highest  temperatures  recorded  being  103°  on  August  28,  and  103°-4  on 
August  29.  The  animal  died  on  September  14.  In  my  absence  the 
usual  inoculations  of  plates  and  tubes  were  made  by  Captain  Kennedy, 
but  no  Micrococcus  melitensis  was  recovered. 

Monkey  No.  127. — Feeding  commenced  as  above  on  August  7,  and 
continued  for  29  days.  Agglutination  first  appeared  on  September  4, 
being  1  in  120,  rising  to  1  in  300  on  September  6,  1  in  500  on 
September  10,  and  1  in  800  on  September  28.  The  first  rise  of 
temperature  was  on  August  23  to  103° '6,  and  remained  between 
102°-8  and  104°  till  September  29.  Blood  was  taken  from  it  on 
September  14  and  incubated  in  broth,  but  Micrococcus  melitensis  was 
not  recovered  from  this,  and  in  consequence  I  administered  chloroform 
on  October  3,  and  made  the  usual  inoculations  of  plates  and  tubes. 
Micrococcus  melitensis  was  thus  recovered  and  verified,  but  only  from 
the  lymphatic  glands  as  follows,  none  being  recovered  from  the  liver, 
kidneys,  or  spleen  : — 

Micrococcus  melitensis 
colonies. 

Left  axillary  lymphatic  glands   103 

Right     „  „    19 

Left  femoral  ,,    21 

Right     „  „    4 

Coecal  mesenteric        ,,    3 

Monkey  No.  126  infection  doubtful. 
Monkey  No.  127  infection  proved. 

Eesult. 

(a)  Of  three  monkeys,  Nos.  120,  121,  and  26,  fed  with  potato  soiled 

with  fresh  naturally -infected  urine,  none  became  infected. 

(b)  Of  three  monkeys,  Nos.  122,  123,  and  30,  fed  with  potatoes 

soiled  with  dried  dust  which  had  been  contaminated  with 
■  naturally-infected  urine,  two,  Nos.  122  and  123,  became 
infected.  No.  30  did  not. 

(c)  Of  two  monkeys,  Nos.  124  and  125,  fed  with  potatoes  soiled 

with  pure  spleen  cultures  of  Micrococcus  melitensis,  both 
became  infected. 

{cl)  Of  two  monkeys  fed  with  potatoes  soiled  with  pure  cultures  of 
Micrococcus  melitensis  derived  from  naturally-infected  urine, 
one.  No.  127,  became  infected,  the  other.  No.  126,  doubtful. 
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The  exact  incubation  period  in  these  food-infected  monkeys  is  not 
determinable,  owing  to  the  impossibility  of  saying  on  which  particular 
day  infection  was  received,  but  that  it  is  very  variable  is  indicated 
by  the  varying  period  from  the  commencement  of  the  series  of 
feedings  to  the  date  of  appearance  of  the  agglutination  reaction,  as 
follows  : — 


Serial 
number  of 
monkey. 

Source  of 
Micrococcus  meli- 
tejisis  infecting 
tbe  food. 

Number  of  days  between 
commencement  of  feeding 
and  appearance  of 
agglutination  reaction. 

Date  of 
commencing 
feeding. 

122 

Urine  dust 

58 

August  7,  1905 

123 

Urine  dust 

75 

August  7,  1905 

124 

Spleen  culture 

13 

August  7,  1905 

125 

Spleen  culture 

28 

August  7,  1905 

127 

Urine  culture 

28 

August  7,  1905 

Why  fresh  naturally-infected  urine  should  have  failed  to  infect, 
and  the  same  urine  dried  in  dust  have  succeeded  in  infecting  twice  out 
of  three  times,  is  somewhat  puzzling  to  understand,  unless  in  some  way, 
such  as  by  causing  minute  scratches  of  the  mucous  membrane,  the 
dust  facilitated  the  entrance  of  the  micro-organism  into  the  system. 

VIU.  To  Estimate  Relative  Virulence  of  Mediterranean 
Fever  Spleen  Pulp  Direct  from  Human  Post-mmiem  Case. 

(Experiment  30,  suggested  by  Sub-Committee.) 

Monkey  No.  87,  after  usual  preliminary  observations,  was  used  for 
this  experiment,  and  on  ]\lay  31,  1906,  received  subcutaneously  an 
injection  of  about  half  a  gramme  of  such  a  spleen  emulsified  in  sterile 
salt  solution.  Micrococcus  melitensis  was  recovered  and  verified  from 
this  spleen  on  June  5.  Monkey  No.  87,  up  to  June  30,  1905,  had 
developed  no  fever  or  agglutination  reaction.  According  to  previous 
experience  of  subcutaneous  inoculation  of  monkeys,  when  the  incuba- 
tion period  is  usually  three  to  six  days,  this  meant  failure  of  infection, 
either  due  to  absence  of  Micrococcus  melitensis  from  the  small  portion 
of  spleen  used,  or  due  to  the  monkey's  powers  of  resistance.  It  was 
decided  to  try  again.  On  June  30,  therefore,  another  such  injection 
was  given  to  the  same  monkey,  the  spleen  of  this  case  being  also 
subsequently  proved  to  contain  Micrococcus  melitensis.  The  agglutina- 
tion reaction  first  appeared  on  July  6,  in  a  dilution  of  1  in  80,  rising 
to  1  in  200  on  July  16.  There  was  no  distinct  wave  of  fever,  probably 
due  to  the  fact  that  from  July  2  to  the  date  of  its  death  the  animal 
.suffered  severely  from  diarrhoea,  which  was  absolutely  resistant  to 
treatment.     The  usual  post-mortem  inoculations   were  made,  and 
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Micrococcus  melitensis  was  recovered  (and  verified)  in  profusion  from 
the  spleen  and  mesenteric  glands,  but  not  from  the  bile,  Hver,  or 
kidneys. 

Besult. — Monkey  87  was  infected  with  a  result  somewhat  indeter- 
minate as  to  virulence  of  such  spleen  pulp,  though  the  inference  would 
be  that  it  was  obviously  not  great,  or  the  first  effort  would  not  have 
failed,  and  in  the  second  the  micro-organism  would  certainly  have 
invaded  the  liver  and  kidneys  as  well  as  the  spleen. 

IX.  To  Determine  Infectivity  of  Urine  from  Ambulatory 

Cases  of  Malta  Fever. 

It  was  felt  to  be  important  to  have  definite  information  on  this 
point  j  and  to  ensure  that  such  urine  did  get  into  the  system  of  the 
monkey  experimented  on,  I  determined  to  inject  it  subcutaneously. 
Accordingly,  after  the  usual  preliminary  observations,  Monkey  No.  105 
was  on  July  17  injected  between  the  shoulders  with  8  c.c.  of  fresh 
urine  from  Ambulatory  Case  No.  IX  (B.  Worley,  No.  1657).  This 
injection  was  repeated  on  the  18th  and  19th ;  a  specimen  of  the  urine 
used  was  plated  each  time  and  subsequently  proved  to  contain  living 
Micrococcus  melitensis.  The  animal's  blood  was  examined  for  agglu- 
tination reaction  twice  daily,  and  it  first  appeared  on  July  31  in  a 
dilution  of  1  in  20,  rising  to  1  in  160  on  August  3,  1  in  500  on 
August  6,  and  1  in  1000  on  August  10.  It  commenced  a  wave  of 
fever  on  July  31,  when  its  temperature  was  up  to  104°,  being  105°  on 
August  5,  and  running  down  to  nearly  normal  on  August  8.  Blood 
was  aseptically  taken  from  the  saphenous  vein  on  August  11,  and 
incubated  in  broth.  Micrococcus  melitensis  was  thus  recovered  and 
verified.  From  August  3  till  its  death  on  September  7,  it  suffered 
intermittently  from  diarrhoea.  The  urine,  which  had  been  injected 
under  the  skin  of  the  back  between  the  shoulders,  was  absorbed,  and 
there  was  never  any  abscess  formation,  or  other  appearances  usual 
with  subcutaneous  urine  extravasation  in  the  human  subject.  In  my 
absence.  Captain  Kennedy  kindly  made  the  usual  post-mortem  inocu- 
lations of  plates  and  tubes,  and  Micrococcus  melitensis  was  recovered 
from  spleen,  liver,  and  lymphatic  glands,  not  from  the  kidney  or 
heart's  blood. 

Result.— ThQ  urine  of  this  ambulatory  case  of  fever  was  thus  proved 
to  be  infectious. 

X.  Subcutaneous  Inoculation  of  Monkeys  with  Pure  Cultures 

OF  Living  Micrococcus  melitensis. 

(Experiments  26,  27,  28,  suggested  by  Sub-Committee.) 
This  has  now  been  done  comparatively  frequently,  and  as  the 
results  of  this  procedure  closely  resemble  each  other  in  each  individual 
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case,  a  sufficient  number  of  which  have  already  been  reported»in 
detail  in  former  volumes  of  these  Reports,  I  do  not  propose  to  do 
more  than  refer  collectively  to  my  own  cases.  Suffice  it  to  say,  that 
this  procedure  invariably  results  in  a  very  few  days  in  a  typical 
attack  of  fever,  with  development  of  an  ultimately  high  agglutination 
reaction,  presence  of  Miavcoccus  melitensis  in  the  peripheral  blood,  etc. 
The  most  interesting  feature  is  the  comparatively  short  incubation 
period  as  calculated  from  date  of  infection  to  commencement  of  wave 
of  temperature  ;  this  is  shown  in  the  accompanying  table : — 


Serial 
number  of 
monkey. 

Date  of 
inoculation. 

Date  of 
appearance  of 
agglutination. 

Date  of  commencing 
wave  of  fever. 

Incuba- 
tion 
period. 

78 

October  15,  1905 

October  21, 

1 

30 

October  18,  105° 

3 

79 

May  15,  1905 

May  22, 

1 

loirs' 

May  20,  104°-4 

5 

80 

May  15,  1905 

May  22, 

1 

May  19,  105° 

4 

27 

October  25,  1905 

November  1, 

1 

3U 

November  1,  103°-4 

7 

37 

February  3, 1906 

February  9, 

1 

3  O 

February  6,  105° 

3 

38 

February  3,  1906 

February  7, 

1 

30 

February  5,  105° 

2 

It  has  been  usual  to  examine  experimental  monkeys  for  agglutina- 
tion reaction  twice  a  week,  and  it  is  to  be  presumed,  though  it  was 
not  observed,  that  this  reaction  was  present  in  Monkeys  Nos.  79  and 
80  after  May  19,  when  it  was  absent,  but  before  INIay  22  when  it  was 
so  high. 

Remarks. 

A  consideration  of  the  foregoing  experiments  leads  to  the 
conviction  that  the  monkey,  though  less  tolerant  of  infection  by 
Micrococcus  melitensis  than  any  other  laboratory  animal,  reacting 
for  instance  with  a  far  more  marked  wave  of  fever  than  the  goat, 
is  not  an  easy  animal  to  infect  unless  given  Micrococcus  melitensis 
pure  and  in  relatively  large  amount.  Thus  in  the  dust  experiments 
the  two  monkeys,  Nos.  48  and  64,  which  took  infected  dust  into 
their  noses  by  their  own  inspiration  efforts,  remained  uninfected, 
while  of  three  monkeys  in  which  it  was  puffed  up  their  nostrils,  two, 
Nos.  65  and  103,  became  infected.  In  the  first  case  the  monkeys 
were  noticed  to  be  breathing  as  quietly  as  possible,  and  inspiring  as 
little  infected  dust  as  they  were  able;  in  the  second  it  was  puffed 
well  back  into  the  nasal  cavity  and  was  afterwards  noticed  at  the 
back  of  the  pharynx;  this  was  looked  for  in  Monkeys  48  and  64, 
but  apparently  they  never  took  it  in  in  sufficient  quantity  for  it  to  be 
thus  visible.  Of  the  10  monkeys  used  for  feeding  experiments,  four 
were  receiving  Micrococcus  melitensis  in  very  large  quantity  and  in 
pure  culture,  and  of  these,  three,  Nos.  124,  125,  and  127,  became 
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infected.  The  other  six  were  receiving  Micrococcus  melitensis  in  much 
smaller  quantity  and  in  association  with  other  micro-organisms 
contained  in  urine,  and  of  these  only  two,  Nos.  122  and  123,  became 
infected.  Man,  judging  from  the  few  cases  of  accidental  experimental 
infection  which  have  been  published,  is  much  more  susceptible. 
Variation  of  susceptibility  in  different  monkeys  is  also  shown  by  the 
many  groups  in  which,  such  as  Section  I.  (c),  identical  procedure  has 
resulted  in  the  infection  of  some  monkeys  and  not  of  others. 

An  interesting  feature,  which  is  brought  out  by  a  comparison  of 
the  incubation  periods  of  the  monkeys  which  had  been  infected  by 
a  pure  emulsion  of  Micrococcus  melitensis,  is  the  diff"erence  in  period 
according  as  the  inoculation  was  a  subcutaneous  injection  or  absorp- 
tion through  an  unbroken  mucous  membrane,  it  being  decidedly 
shorter  in  the  first  than  in  the  second  group  (reckoned  to  day  of 
commencement  of  wave  of  fever),  as  shown  in  the  following  table  : — 


Subcutaneous  inoculation. 

Inoculation  tbrougli  unbroken  mucous 
membrane. 

Serial  number 
of  monkey. 

Incubation 
period. 

Serial  number 
of  monkey. 

Mucous  mem- 
brane of — 

Incubation 
period. 

78 
79 
80 
27 
87 
38 

3 
5 
4 
5 
3 
2 

6lA 
100 

48 
118 

Conjunctiya 
Conjunctiva 
Trachea 
Nose 

15 
14 
15 
14 

To  sum  up  the  foregoing  experiments — 

Bust  Infected  with  Pure  Culture  of  Micrococcus  melitensis.— Nine 
monkeys  experimented  on.  Five  remained  uninfected,  four  became 
infected — two  through  the  eyes  and  two  through  the  nose. 

Dust  infected  with  urine  naturally  containing  Micrococcus  melitensis. — 
Four  monkeys  experimented  on ;  none  became  infected. 

Contact  Infection.— Two  uninfected  monkeys  placed  in  limited  contact 
with  infected  monkeys.  Neither  became  infected.  Infection  by  skin 
and  skin  parasites  failed. 

Two  uninfected  monkeys  placed  in  unlimited  contact  with  infected 
monkeys.  One  became  infected,  presumably  through  urine  of  infected 
animals,  the  other  remained  uninfected. 

Infection  through  various  unbroken  mucous  membranes  with  emulsion 
of  Micrococcus  melitensis.— All  monkeys  experimented  on  through 
conjunctival,  tracheal,  and  nasal  mucous  membranes  became  infected. 

Infection  by  MosquUoes.— The  monkey  bitten  every  other  day  by 
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presumably  infected  mosquitoes  for  a  period  of  two  months  did  not 
become  infected. 

Infection  by  Food. — Three  out  of  four  monkeys  given  food  con- 
taminated by  pure  culture  of  Micrococcus  melifensis  became  infected. 
Two  out  of  six  monkeys  given  food  contaminated  with  urine  from 
cases  of  Mediterranean  Fever  naturally  containing  Micrococcus  melitensis 
became  infected  when  dust  was  used  as  a  vehicle. 

Spleen  pulp  direct  from  a  fatal  case  of  Mediterranean  Fever  in  man 
is  not  excessively  virulent. 

Subcutaneous  infection  by  injection  with  hypodermic  syringe  of 
emulsion  of  pure  culture  of  Micrococcus  melitensis  constantly  produces 
infection  with  a  very  short  incubation  period.  Urine  from  Mediter- 
ranean Fever  cases  naturally  containing  Micrococcus  melitensis  produces 
infection  when  injected  subcutaneously  into  a  monkey.  Presumably, 
then,  such  urine  could  infect  anyone  engaged  in  nursing  or  who 
otherwise  came  in  contact  with  it,  through  any  existing  scratch  or 
abrasion  of  the  cuticle. 

Conclusions. 

(1)  The  possibility  of  infection  through  the  eyes  and  nose  by  means 
of  highly  infected  dust  has  been  experimentally  demonstrated. 

(2)  The  possibility  of  infection  by  unlimited  contact  has  been 
experimentally  demonstrated. 

(3)  The  possibility  of  infection  through  food  contaminated  (a)  with 
pure  cultures  of  Micrococcus  melitensis,  (b)  with  dust  soiled  with 
urine  naturally  containing  Micrococcus  melitensis,  has  been  experi- 
mentally demonstrated. 

(4)  The  possibility  of  infection  by  urine  of  patients,  through  skin 
scratches,  wounds,  and  abrasions,  has  been  experimentally  demon- 
strated. 


II.  IMMUNITY,  SERUM,  TOXIN,  AND  VACCINE  EXPERI- 
MENTS ON  MONKEYS  WITH  REGARD  TO  MEDITER- 
RANEAN FEVER. 

By  Staff-Surgeon  E.  A.  Shaw,  R.N. 
Immunity. 

The  question  as  to  whether  an  attack  of  Mediterranean  Fever 
confers  any  protection  against  a  subsequent  exposure  to  infection  is  a 
very  important  one,  and  I  determined  to  examine  it — at  any  rate 
in  monkeys— experimentally.  As  it  was  essential  to  have  absolute 
proof  of  the  first  infection,  a  method  had  to  be  devised  of  securing  this 
without  sacrificing  the  monkey  intended  to  be  later  subjected  to  a 
further  infection.  To  recover  Micrococcus  melitensis  from  the  blood  of 
the  experimental  animal  during  life  seemed  the  simplest  way  of  doing 
this.  The  method  described  by  Dr.  Zammit*  of  doing  this  had  not  in 
my  hands  given  satisfactory  results.  This  I  put  down  to  two  things, 
the  small  quantity  of  blood  obtained  by  it  and  the  risk  of  the  blood 
taking  up  some  disinfectant  from  the  chemically-disinfected  surface  of 
the  ear  from  which  it  was  collected. 

After  carefully  examining  several  monkeys,  I  considered  it  would 
be  feasible  to  obtain  blood  to  the  amount  of  several  cubic  centimetres 
from  a  fairly  large  vein  I  found  running  superficially  along  the  back  of 
the  calf  muscles,  more  or  less  comparable  to  the  external  saphenous 
vein  in  the  human  subject.  An  attempt  was  first  made  to  tap  this  with 
a  small  serum  syringe,  but  this,  the  needle  being  too  large  relatively 
to  the  vein,  was  not  successful.  A  sterile  glass  pipette  was  then  taken 
with  a  constriction  separating  a  containing  bulb  from  the  large  open 
end,  which  was  lightly  plugged  with  cotton  wool  and  fitted  with  a 
rubber  tube,  terminating  at  its  free  extremity  in  a  glass  tube  mouth- 
piece. The  capillary  end  of  the  pipette  was  drawn  out  fine  in  the  peep 
light  of  a  Bunsen  burner,  and  the  fine  hair-like  tube  thus  made  broken 
through  so  as  to  give  a  fine  terminal  extremity  of  about  a  ^  of  an 
inch  long.  The  skin  just  over  the  vein  Avas  drawn  sideways  and 
punctured  with  a  sterile  needle,  and  then  allowed  to  resume  its  original 
position,  so  that  the  puncture  came  just  over  the  vein ;  the  mouthpiece 
of  the  rubber  tube  having  been  placed  in  one's  mouth,  the  fine  terminal 
end  of  the  associated  pipette  was  pushed  obliquely  into  the  vein 
through  the  small  skin  puncture  previously  made.  When  the  point 
of  the  pipette  was  actually  in  the  vein,  blood  immediately  made  its 
appearance  in  the  capillary  portion  of  the  pipette,  and  it  was  found 
possible  by  gentle  aspiration  to  get  from  2  to  3  c.c.  of  blood  into  the 
containing  chamber,  whence  it  could  be  tranferred  to  broth  tubes, 

*  Yol.  ],  p.  89  of  tliese  Eeports. 
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incubated  and  then  subcultured  on  to  agar  slopes.  In  doing  this  on 
the  infected  monkey,  the  hair  was  cut  close  to  the  skin  with  scissors 
for  about  an  inch  square  in  the  desired  situation,  then  a  pad  dipped 
in  a  solution  of  lysol  was  applied  to  this  area  for  1^  hours,  then 
removed,  and  the  skin  allowed  to  dry,  a  rough  tourniquet  lightly 
applied  at  the  knee ;  and  when  the  vein  was  distended  it  was  tapped 
as  described. 

This  procedure  was  first  applied  by  me  to  an  infected  monkey 
(No.  72)  on  October  10,  1904,  and  Micrococcus  melitensis  was  recovered 
from  the  blood  thus  obtained.  I  and  other  members  of  the  Commission 
to  whom  I  demonstrated  it  have  since  applied  this  method  successfully 
to  many  other  infected  monkeys.  The  most  favourable  period  at  which 
to  make  use  of  it  on  an  infected  monkey  would  appear  to  be  in  the 
early  stage  of  the  fever,  directly  after  the  agglutination  reaction  has 
appeared,  and  when  the  top  of  the  usual  wave  of  fever  has  just  been 
reached. 

I  expected  in  this  way  to  have  quite  a  number  of  monkeys  on  which 
to  determine  if  one  attack  of  fever  conferred  any  protection  against 
a  second  infection.  But  these  monkeys,  under  the  conditions  of 
captivity  which  we  were  compelled  to  adopt,  are  not  long  lived,  and 
most  of  them  died  at  varying  periods  of  from  one  to  three  months 
after  the  primary  infection.  This  does  not  appear  to  have  been  neces- 
sarily secondary  to  their  infection ;  the  same  mortality  prevailed 
among  the  unused  monkeys,  from  which  subjects  for  experimentation 
were  taken  as  required. 

Experiment  I. — In  May,  1905,  I  had  at  my  disposal  Monkey  No.  6lA, 
which  on  December  19,  1904,  had  been  infected  with  Micrococcus 
melitensis  through  the  conjunctival  mucous  membrane,  and  from  whose 
peripheral  blood,  taken  on  January  14,  1905,  this  micro-organism  had 
been  recovered;  and  also  Monkey  No.  65,  which  on  January  25  had 
been  dust-infected  by  the  nose,  and  from  whose  blood,  taken  on 
February  14,  Miaococcus  melitensis  had  been  recovered.  Two  unused 
monkeys,  Nos.  79  and  80,  had  also  been  under  preliminary  observation 
in  order  to  serve  as  controls. 

May  15. — A  three-day  growth  of  a  single  stroke  inoculation  on  agar 
of  third  generation  of  Micrococcus  melitensis  from  human  spleen  was 
emulsified  in  5  c.c.  of  sterile  normal  salt  solution,  and  each  of  these 
four  monkeys  received  1  c.c.  of  this  subcutaneously  between  the 
shoulders.  I  append  a  comparative  chart  showing  for  21  days,  starting 
from  the  date  of  injection  (May  15),  the  curves  of  temperature  of  each 
of  these  four  monkeys,  with  the  usual  base  line  ruled  in  at  102° '4.* 
There  was  no  further  rise  in  any  of  them  after  last  date  charted.  The 
uninfected  monkeys,  Nos.  79  and  80,  show  a  marked  wave  of  fever 
commencing  between  the  fourth  and  fifth  day  after  the  subcutaneous 
*  See  charts  in  Part  I  of  these  Eeports. 
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injection  of  Micrococcus  melitensis.  The  presumably  recovered  monkeys, 
61 A  and  65,  show  no  such  disturbance.  Monkey  No.  79  died  on  June  4, 
and  Micrococcus  melitensis  was  recovered  from  its  organs  post-r/wrtem, 
thus  demonstrating  the  activity  of  the  strain  of  Micrococcus  melitensis 
used. 

The  agglutinations  were  as  follows  : — 


Date. 

Monkey 
No.  6lA. 

Monkey 
No.  65. 

Monkey 
No.  79. 

Monkey 
No.  80. 

April  25   

May  15   

May  22   

May  29   

June  25   

July  2   

1  in  500 
1  in  500 
1  in  loco 
1  in  1000 
1  in  1000 
1  in  800 
1  in  1800 
1  in  800 
1  in  1000 

1  in  250 
1  in  200 
1  in  800 
1  in  600 
1  in  800 
1  in  400 
1  in  500 
1  in  400 
1  in  1000 

Nil 

Nil 
1  in  1000 
1  in  800 
Dead 

Nil 

Nil 
1  in  1500 
1  in  3000 
1  in  2500 
1  in  2500 
1  in  3000 
1  in  2000 
1  in  3000 

Showing  an  increased  agglutination  in  6lA  and  65  folloAving  the 
subcutaneous  injection,  but  a  much  greater  response  in  this  direction 
on  the  part  of  one  of  the  previously  uninfected  monkeys  (80).  Blood 
was  taken  from  three  of  these  monkeys,  6lA,  65,  and  80  (79  was  dead) 
on  June  25  in  the  manner  described,  and  incubated  in  broth;  that 
from  61 A  and  65  did  not  yield  Micrococcus  melitensis,  that  from  80  did. 
This  was  repeated  with  Monkeys  Nos.  65  and  80  on  July  11  (6lA  was 
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suffering  from  bad  diarrhoeii),  and  again  Micrococcus  melitensis  was 
recovered  from  80  but  not  from  65. 

Expei-iment  II.— In  October,  1905,  I  had  available  for  repetition  of 
the  foregoing  experiment  Monkey  No.  100,  which  had  been  infected 
during  the  preceding  June  through  the  conjunctiva  and  from  whose 
peripheral  blood  Micrococcus  melitensis  had  been  recovered ;  and  also 
Monkey  No.  65,  the  same  previously-infected  monkey  mentioned  in 
the  last  experiment ;  JNIonkey  No.  78,  which  had  been  under  obser- 
vation since  the  preceding  May,  and  had  never  had  the  fever,  was 
taken  as  a  control. 

October  15. — Each  of  these  three  monkeys  received  subcutaneously 
between  the  shoulders  1  c.c.  of  an  emulsion  of  a  five-day  third 
generation  growth  of  Micrococcus  melitensis  isolated  from  the  human 
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spleen.  The  accompanying  chart  shows  the  temperature  curves  of  all 
three  starting  from  the  date  of  the  subcutaneous  injection  of  Micrococcus 
melitensis.  The  very  marked  wave  of  fever  in  No.  78  contrasts  con- 
spicuously with  the  comparatively  slight  disturbance  in  Monkeys 
Nos.  100  and  65,  the  temperatures  of  which  never  rose  after  the  last 
date  charted. 

The  drop  in  the  fever  on  October  21  and  22  in  the  case  of  Monkey 
No.  78  may  possibly  have  been  due  to  a  sharp  attack  of  diarrhoea 
which  it  developed  at  that  time. 

As  I  wished  to  cut  and  stain  sections  of  infected  organs,  and  as  by 
October  30  there  was  every  reason  to  think  that  the  system  of  Monkey 
No.  78  was  saturated  with  Micrococcus  melitensis,  it  was  on  this  date 
chloroformed,  and  the  usual  post-mmiem  inoculations  were  made  ;  later^ 
Micrococcus  melitensis  was  recovered  and  verified  in  greatest  profusion 
from  its  viscera,  lymphatic,  and  salivary  glands. 
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The  agglutination  reactions  were  as  follows  : — 


Date. 

— - — ■  

Monkey  No.  78. 

Monkey  No.  100. 



iJi.ULllLt7Y        O.  OO. 

Nil 

1  in  800 

1  in  40 

October  18   

Nil 

1  in  800 

1  in  40 

October  21   

1  in  30 

October  22   

1  in  320 

1  in  800 

1  in  40 

October  25   

1  in  1500 

October  29   

1  in  3000 

1  in  1500 

1  in  40 

November  5   

Dead 

1  in  1500 

1  in  40 

November  12   

1  in  1500 

1  in  40 

Showing  much  the  same  features  as  in  the  preceding  experiment. 

Though  the  resistance  on  the  part  of  the  immune  INIonkeys  Nos.  61  A, 
•65,  and  100,  does  not  appear  to  have  been  absolute,  as  in  each  there 
was  a  slight  disturbance  of  temperature  following  the  injection  of 
Micrococcus  melitensis,  it  must  be  remembered  that  in  these  experiments 
enormous  numbers  of  Micrococcus  melitensis  were  injected,  an  artificial 
infection  being  induced  to  a  degree  out  of  all  proportion  to  one  in  the 
least  likely  to  be  met  with  in  Nature.  Also  it  has  been  shown  in 
other  microbic  diseases  in  animals  that  immunity  due  to  a  previous 
attack  can  be  overcome  if  a  sufficient  quantity  of  the  responsible 
micro-organism  be  injected. 

Conclusion. — Monkeys  which  had  previously  had  an  attack  of 
Mediterranean  Fever  react  much  less  markedly  than  others  which 
have  not  to  the  same  dose  of  living  Micrococcus  melitensis;  ergo,  a 
previous  attack  confers  some  protection  against  a  subsequent  exposure 
to  infection. 

A  Therapeutic  Serum. 

Having  two  goats  available  which  had  been  frequently  subjected  by 
me  to  subcutaneous  injections  of  Micrococcus  melitensis  in  large  quantity, 
and  whose  blood  gave  a  constantly  high  agglutination  reaction,  I 
■determined  to  ascertain  if  the  serum  of  one  of  these  would  have  any 
effect  on  the  course  of  the  fever  experimentally  induced  in  a  monkey. 
The  goat  selected  to  supply  serum  was  the  one  with  the  higher 
agglutination,  1  in  3000  ;  it  has  been  already  mentioned  as  the  "  white 
kid  "  in  experiments  described  by  me  in  Vol.  4  of  these  Reports,  but  at 

this  period  was  mature. 

On  February  4,  1906,  this  goat's  serum  agglutinated  1  in  3000. 
Its  last  previous  injection  of  Micrococcus  melitensis  had  been  given  two 
months  prior  to  this.  On  February  7  the  goat's  neck  was  shaved  and 
sterilised  over  a  selected  area,  and  5  c.c.  of  blood,  taken  from  its  right 
external  jugular  vein  with  a  sterile  serum  syringe,  were  put  in  a  flask 
with  80  c.c.  of  broth,  and  incubated.     Micrococcus  melitensis  was 
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subsequently  recovered  and  verified  from  this.  Secondly,  about  half 
a  litre  of  blood  was  run  off  from  the  same  vein  at  the  same  time  into 
a  previously  prepared  sterilised  conical  filtration  flask  provided  with 
a  side  tube,  the  nozzle  of  the  serum  syringe  being  replaced  in  the 
needle  with  a  sterilised  metal  nozzle  which  had  been  fitted  to  a  rubber 
tube  connected  with  a  glass  tube  which  ran  through  an  indiarubber 
cork  in  the  neck  of  the  flask  to  very  near  its  bottom.  The  desired 
quantity  of  blood  having  been  obtained,  a  spring  clamp  was  applied 
to  the  rubber  tube,  the  apparatus  removed  and  placed  in  a  dark 
cupboard.  Next  day  the  resulting  serum  was  decanted  through  the 
side  tube  into  a  small  conical  sterilised  flask.  At  the  same  time  some  of 
it  was  removed  with  a  sterile  pipette,  and  1  c.c.  was  distributed  over  six 
agar  plates,  which  were  incubated  at  37°  C,  and  gave  no  growth  of  any 
kind  after  six  days'  incubation.  This  would  indicate  that  Micrococcus 
melitensis  in  the  circulating  blood  is  contained  in  the  corpuscles  rather 
than  in  the  fluid  portion  of  the  blood. 

In  readiness  for  the  experiment  two  monkeys,  Nos.  37  and  38,  had 
been  kept  under  preliminary  observation  for  a  week. 

On  February  3,  1906,  each  monkey  received  simultaneously  between 
the  shoulders  and  on  the  right  side  an  injection  of  1  c.c.  of  an  emulsion 
of  Micrococcus  melitensis  (first  generation,  fifth  day  growth  from  human 
spleen — Dakin),  representing  1/6  of  a  single  stroke  inoculation  of  an 
agar  slope. 

February  9. — On  this  date  the  fever  was  well  established  in  both 
monkeys,  but  rather  more  markedly  in  37  than  in  38 ;  the  former  was 
therefore  selected  to  receive  hypodermically  3  c.c.  of  the  serum  obtained 
from  the  white  goat  as  already  described,  the  latter  remaining  untreated 
to  afford  a  comparison. 

February  10.— Monkey  No.  37  received  another  hypodermic  injection 
of  the  same  goat's  serum,  this  time  of  5  c.c. 

February  11    Agglutination  was,  in  Monkey  37,  1  in  160. 

February  11    „             „         Monkey  38,  1  in  600. 

February  18    „             „         Monkey  37,  1  in  500. 

February  18    „             „         Monkey  38,  1  in  1500. 

February  25    „             „        Monkey  37,  1  in  500. 

February  22    Monkey  38  died. 

March  9   Monkey  37  died. 

In  both  animals  the  usual  post-mortem  inoculations  of  slopes  and 
plates  were  made,  and  as  Micrococcus  melitensis  had  not  been  previously 
recovered  from  the  brain  of  monkeys,  four  plates  were  prepared  from 
a  similar  amount  of  brain  substance  in  each  taken  from  the  right 
parietal  convolutions.  In  each  case  there  was  an  abundant  recovery 
of  Mia-ococcus  melitensis  from  the  spleen  and  lymphatic  glands  a  less 
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plentiful  recovery  from  the  liver,  and  a  still  more  restricted  recovery 
from  the  kidneys  ;  but  there  was  no  appreciable  diiference  in  number 
of  colonies  of  Micrococcus  melitensis  in  the  two  cases. 

Miavcoccus  melitensis  was  recovered  from  the  brain  of  both,  12  colonies 
in  the  case  of  Monkey  No.  37  and  5  colonies  in  Monkey  No.  38. 

I  append  charts  showing  the  course  of  temperature  and  dates  of 
injections  in  each. 

\Febri/cU-i/  ~  March 


Eesult. — It  will  be  seen  that  there  is  no  such  difference  between  the 
clinical  features  of  these  two  cases  of  Mediterranean  Fever  in  monkeys 
as  to  encourage  a  strong  belief  in  the  future  successful  development  of 
a  therapeutic  serum. 

Toxins. 

To  determine  whether  toxins  of  Micrococcus  melitensis  produce  on 
monkeys  the  same  clinical  phenomena  as  living  cultures. 

Experiment  /.—A  flask  containing  100  c.c.  of  nutrient  broth  was 
inoculated  with  a  culture  of  Micrococcus  melitensis  derived  from  a 
Mediterranean  Fever  patient's  blood;  this  was  incubated  for  21  days, 
then  passed  through  a  sterilised  Chamberland  F  candle  into  a  sterilised 
flask.  At^ar  slopes  were  inoculated  with  the  filtrate  and  incubated  at 
37°  C,  for'four  days  ;  thei'e  was  no  growth  of  any  description  on  these. 

Two  monkeys,  Nos.  58  and  59,  which  had  been  under  previous 
observations  to  determine  freedom  from  infection,  then  received 
peritoneal  injections  with  a  serum  syringe  of  the  above  filtrate  as 
follows,  No.  59,  the  somewhat  larger  animal,  receiving  a  rather  larger 
dose  than  the  other : — 
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Date. 

Monkey  No.  58. 

Monkey  No.  59. 

1904— 

An  Cf\  1  ar  "X  C\ 

5  c.c.  of  filtered  toxins 
Diarrhoea.  Nil 
DiarrhoDa  better.  Nil 

5  c.c.  of  filtered  toxins 

6  ))          J)  )> 
5    ))          ji  >> 
5    j>          ))  >i 

7  c.c.  of  filtered  toxins 
7^'   >)         ))  )) 
^     ,)         'J  '» 
6i             )j  )) 
7     ))         •>  )> 
6  ,, 

6        n                )>  >) 

This  procedure  was  followed  by  a  slight  rise  of  temperature, 
which  began  the  day  after  the  first  injection  in  each  case  and  lasted 
until  the  third  day  after  the  injections  ceased  in  the  case  of  No.  59, 
and  until  the  fourth  day  in  the  case  of  No.  58,  after  which  it  dropped. 
This  rise  varied  from  day  to  day  from  T  to  r*5  F. 

The  agglutination  reaction  first  appeared  in  No.  58  in  a  dilution  of 
1  in  20  on  August  19,  and  was  1  in  20  August  24,  1  in  40  August  30, 
1  in  80  September  5,  remaining  at  this  until  the  last  time  it  was  taken, 
September  29.  The  animal  was  chloroformed  on  October  2  and  the 
usual  post-mmiem  inoculations  were  made.  No  Micrococcus  melitensis 
was  recovered.  'In  Monkey  No.  59  the  agglutination  reaction  first 
appeared  August  24  in  a  dilution  of  1  in  20,  was  1  in  20  August  30, 
and  1  in  80  September  5.  The  animal  was  chloroformed  on  Sep- 
tember 11  and  the  usual  post-mortem  inoculations  were  made.  Mici'o- 
coccus  melitensis  was  not  recovered. 

Experiiiunt  II. — In  this  case  it  was  decided  to  use  broth  cultures  of 
Micrococcus  melitensis  killed  by  a  heat  of  60°  C,  instead  of  eliminating 
the  micro-organism  by  filtration. 

On  July  22,  1905,  a  60-c.c.  broth  flask  was  inoculated  with  3Iicro- 
coccus  melitensis  recoyered  from  an  infected  monkey;  this  was  incubated 
at  37°  C.  till  July  29,  when  a  sub-culture  (A)  on  to  three  agar  slopes 
was  made,  the  flask  was  then  heated  in  a  water-bath  to  60°  C,  at 
which  temperature  it  was  kept  for  30  minutes ;  then  a  sub-culture  (B) 
was  made  also  on  three  agar  slopes.  On  August  1  the  sub-culture  A 
showed  a  plentiful  growth  of  pure  Micrococcus  melitensis;  the  sub- 
cultures B  were  sterile. 

Two  monkeys,  Nos.  116  and  117,  which  had  been  under  preliminary 
observation,  were  subjected  subcutaneously  between  the  shoulders 
with  this  dead  broth  culture  of  Micrococcus  melitensis,  each  receiving 
5  c.c.  on  August  1  and  10  c.c.  on  August  19. 

The  agglutination  reaction  first  appeared  in  Monkey  No.  117  on 
August  6  in  a  dilution  of  1  in  30,  being  1  in  160  on  August  9,  1  in  160 
on  August  13 ;  highest,  1  in  400,  on  August  27  ;  then  falling  away  to 
1  in  100  on  September  10  and  1  in  40  on  October  29.    On  Auo-ust  13 
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blood  was  taken  from  the  external  saphenous  vein  and  incubated  in 
broth.    No  Mia  'ococcus  melitensis  was  recovered  from  this. 

The  agglutination  reaction  appeared  in  No.  116  on  August  9  in  a 
dilution  of  1  in  30,  which  was  never  exceeded.  The  reaction  was  last 
found  on  September  6,  and  never  appeared  again,  though  examined  for 
twice  weekly  till  October  4,  and  thereafter  once  weekly  till  October  29 
Blood  was  taken  from  the  external  saphenous  vein  and  incu1)ated  in 
broth  on  August  17.  Micrococcus  meliiemis  was  not  recovered  from 
this. 

The  course  of  the  temperature  in  both  these  monkeys  was  precisely 
similar  to  that  in  the  preceding  experiment.  There  was  a  slight  rise 
of  temperature  following  each  injection,  but  no  wave  of  fever. 

Experiment  III  (a). — Thinking  that  possibly  there  might  be  some 
difference  between  the  results  obtained  by  using  dead  broth  cultures  of 
Micrococcus  melitensis  as  compared  with  those  obtained  by  using  dead 
agar  slope  cultures,  I  decided  to  repeat  the  experiment  with  the 
latter. 

Accordingly,  one  agar  slope  of  a  six-day  growth  of  Micrococcus  melitensiSy 
third  generation,  derived  from  human  spleen,  was  emulsified  in  sterile 
normal  salt  solution  and  killed  by  heating  in  a  water  bath  to  70°  C.  for 
an  hour.  I  may  mention  here  that  this  strain  of  Micrococcus  melitensis  so 
treated  survived  heating  for  half-an-hour  to  65°  0.  This  dead  emulsion 
was  taken  up  in  a  serum  syringe  and  injected  subcutaneously  between 
the  shoulders  of  two  normal  monkeys,  Nos.  31  and  32,  on  November  4, 
1905,  each  receiving  half,  that  is  the  equivalent  of  half  the  product  of 
one  agar  slope. 

In  both  monkeys  the  agglutination  reaction  was  first  obtained 
on  November  9. 


Date. 

Monkey  No.  31. 

Monkey  No.  32. 

November  9   

1  in  30 

1  in  30 

November  12   

1  in  150 

1  in  100 

1  in  250 

1  in  400 

November  26   

1  in  250 

1  in  400 

In  both  there  was  a  trifling  elevation  of  temperature,  but  no  wave  of 
fever. 

Experiment  III.  (b).— The  foregoing  procedure  was  repeated  on  two 
other  normal  monkeys,  Nos.  39  and  40,  using  one  agar  slope  of  a 
four-day  growth  of  Micrococcus  melitensis,  second  generation,  derived 
from  human  spleen,  on  February  19,  1906. 

In  both  monkeys  the  agglutination  reaction  Avas  first  obtained  on 
February  25,  as  follows  : — 
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Date. 

Monkey  No.  39. 

Monkey  No.  40. 

February  25  

March  4   

1  in  30 
1  in  500 
1  in  1000 

1  in  50 
1  in  500 
1  in  1500 

In  both  there  was  a  trifling  elevation  of  temperature,  but  no  wave  of 
fever. 

Remarks. — In  none  of  these  eight  monkeys  was  any  fever  produced 
as  the  result  of  these  injections,  though  a  slight  rise  of  temperature 
was  observable.  I  append  a  chart  of  Monkey  No.  40,  which  is  typical 
of  the  others. 


Monkey 
40 


Fehru<\ry  March- 
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106' 
105" 
104' 
lOS' 
102' 
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ioo° 

96° 
97° 
96° 


In  the  case  of  the  two  monkeys  injected  with  filtered  broth  cultures, 
low  agglutination  reactions  were  developed,  1  in  20  and  1  in  80  being 
the  highest  respectively  developed. 

In  the  case  of  the  monkeys  injected  with  broth  cultures  killed 
by  heat,  higher  agglutinations  were  developed,  1  in  30  and  1  in  400 
being  the  highest  respectively  obtained. 

In  the  case  of  monkeys  injected  with  heat-killed  agar  cultures,  the 
highest  agglutination  reactions  of  all  were  realised,  1  in  250,  1  in  400, 
1  in  1000,  and  1  in  1500  being  the  highest  respectively  developed, 
closely  approximating  to  those  obtained  in  the  case  of  monkeys 
injected  with  living  Minvcoccus  melitensis. 

Conclusion. — The  toxins  of  Micrococcus  melitensis  do  not  produce  the 
same  clinical  phenomena  as  living  Micrococcus  melitensis,  no  fever  being 
developed,  and  the  production  of  agglutinins  being  less. 


A  Possible  Protective  Vaccine. 

The  immunity  experiments  having  indicated  that  one  attack  of  fever 
conferred  a  certain  degree  of  protection  against  subsequent  infection,  it 
remained  to  be  seen  if  the  subcutaneous  injection  of  dead  cultures 'of 
Micrococcus  melitensis  developed  any  degree  of  protection. 
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As  injections  of  dead  agar  cultures  developed  much  higher  reactions 
than  did  dead  broth  cultures,  indicating  a  higher  degree  of  reaction 
on  the  part  of  the  organism  to  the  former  than  to  the  latter,  the 
monkeys  injected  with  agar  cultures  killed  by  heat  were  taken  for 
experimentation. 

Monkeys  Nos.  31  and  32,  which  had  each  on  November  4, 1905,  received 
half  of  the  then  heat-killed  six-day  Micrococcus  meliknsis  growth  of  one 
agar  slope  as  described  in  the  preceding  section,  each  on  December  5 
received  the  growth  from  one  agar  slope  similarly  prepared ;  and  on 
December  30  this  was  identically  repeated.  These  subsequent 
injections  never  caused  any  fever.  The  agglutination  reactions  follow 
later. 

On  the  morning  of  February  3  each  of  these  two  monkeys  received 
subcutaneously  one-sixth  of  the  growth  of  Micrococcus  melitensis  from 
one  agar  slope,  first  generation,  from  human  spleen  incubated  for  five 
days;  two  normal  monkeys,  Nos,  37  and  38,  each  receiving  at  the 
same  time  the  same  dose  to  act  as  controls, 

I  attach  a  comparative  chart  showing  the  subsequent  course  of 
temperature  in  all  four,  from  which  it  will  be  seen  that  while  each 
control  monkey  developed  a  typical  wave  of  fever,  neither  of  the  vaccine 
monkeys  did  so. 


Monkey 
31 

Vaccine 
M.M. 
previously 


MVu 
32^ 

Vaccine 
M.M. 
ivioush^ 


pro 


M'k'y 
37 
Conbnol 


M'k'y 
Conbnol 


*  On  this  date,  February  3,  each  monkey  received  the  same  dose  of  living 
Micrococcus  melitensis. 

The  course  of  agglutination  in  the  four  monkeys  was  as  follows  :— 


Toxin,  and  Vaccine  Ejoperiments  on  Monkeys. 


35 


Date. 


Monkey 
No.  31. 


Monkey 
No.  32. 


Monkey 
No.  37. 


Monkey 
No.  38. 


November  19    1  in  250 

November  26    1  in  250 

December    3    1  in  100 

December  5 

December  10   1  in  50 

December  24   1  in  40 

December  30 

December  31   1  in  40 

J anuar J   7   1  in  240 

January  14   1  in  300 

January  21   1  in  300 

January  28   1  in  500 

February  3 

February  4    1 

February  7    1 

February  11    1 

Februai'V  12 
February  18 
February  22 
Februai'V  25 

March  9  

March  11  


in  400 
in  400 
in  200 


No  observation 


No  observation 


2nd  injection  of  dead  Micrococcus  melitensis. 


1  in  200 
1  in  100 


3rd  injection  of  dead  Micrococcus  melitensis. 


in  240 
in  400 
in  800 
in  400 
m  800 


Nil 
Nil 


1st  injection  of  living  Micrococcus  melitensis 


in  600 
in  1200 
in  600 
Died 


m  700 
in  800 
in  1200 


1  in  1000 
1  in  1200 
1  in  1000 


NU 
Nil 
1  in  160 

1  in  500 

1  in  800 
Died 


Nil 
Nil 

Nil 
1  in  30 
1  in  600 

1  in  1500 
Died 


Monkey  No.  31  on  January  28,  prior  to  its  first  injection  with 
living  Micrococcus  melitensis,  was  noticed  to  be  unwell. 

February  4.    The  note  is  "  still  seedy,  no  diarrhoea." 

February  11.  Very  "seedy,"  some  diarrhoea;  brought  from  terrace 
into  laboratory  for  warmth. 

February  12.  Died.  Fosf-viortem.  Spleen  enlarged.  Miliary 
tuberculosis  of  lungs.  Inoculations  from  all  organs  and  lymph 
glands. 

February  17.  Micrococais  melitensis  recovered  from  all  glands  and 
organs  save  kidneys. 

Monkeys  Nos.  37  and  38,  the  controls.  The  history  of  these  two 
animals  will  be  found  under  the  section  on  "A  Therapeutic  Serum." 

Second  Experiment. — Monkeys  Nos.  39  and  40  were  similarly 
treated  with  Micrococcus  melitensis  killed  by  heat,  each  receiving  on 
February  19  half  the  product  of  one  agar  slope,  a  four-day  growth, 
second  generation,  from  human  spleen  (Dakin).  This  was  repeated  in 
each  case  on  March  13. 

Monkey  No.  40. — Agglutination  first  appeared  on  February  25,  six 
days  after  first  injection  of  dead  Micrococcus  melitensis,  in  a  limit 
dilution  of  1  in  50,  rising  to  1  in  500  on  March  4  and  1  in  1500  on 
March  11.  It  unfortunately  died  from  dysentery  on  JNIarch  20. 
The  usual  post-mortem  inoculations  were  made  from  all  glands  and 
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organs,  but  no  Micrococcus  melitensis  was  recovered,  thus  further 
verifying  the  previous  death  of  the  Micrococcus  melitensis  injected  in 
both  cases. 

Monkey  No.  39.— Agghitination  reaction  first  appeared  on 
February  25  in  a  limit  dilution  of  1  in  30,  rising  to  1  in  500  on 
March  4  and  1  in  1000  on  March  11,  falling  after  the  second  injection 
to  1  in  400  on  March  25.  On  March  27  this  monkey  received  1  c.c. 
(representing  one-fifth  of  one  slope)  of  an  emulsion  of  living 
Micrococcus  melitensis,  four-day  growth,  second  generation,  from  human 
spleen  (Dakin).  On  March  30  it  appeared  unwell  and  was  brought 
from  the  terrace  to  live  in  a  big  box  in  the  laboratory.  Its  agglutina- 
tion reaction  was  1  in  600  on  April  1.  Its  temperature  having 
remained  undisturbed  for  eight  days  after  the  first  injection  of 
living  Micrococcus  melitensis,  that  is  the  outside  incubation  period  for 
subcutaneous  inoculation  ha\ang  been  passed,  it  was  decided  to  give 
it  a  second  subcutaneous  injection  of  living  Micrococcus  melitensis  in 
order  to  see  if  the  apparent  resistance  would  be  overcome  or  not. 
Accordingly  on  April  4  it  received  another  dose  precisely  similar  to 
that  of  March  27,  and  on  April  10,  exactly  six  days  after,  it  com- 
menced a  wave  of  fever.  Its  resistance  had  been  overcome  by  the 
additional  dose  of  living  Micrococcus  melitensis. 


Monkey 
39 
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The  appended  chart  shows  the  temperature  from  a  few  days  prior 
to  the  first  injection  of  living  Micrococcus  melitensis  and  to  the  end 
of  the  wave  of  fever.  It  was  recorded  from  February  16  onwards  twice 
daily,  remaining  normal  till  April  10.  The  agglutination  reaction 
was  1  in  500  on  April  8  and  1  in  500  on  April  15. 

Remarks. — Considering  the  enormously  large  doses  of  living 
Micrococcus  melitensis  administered  in  these  experiments  Anthout 
producing  the  characteristic  wave  of  fever  in  the  monkeys  protected 
by  previous  injections  of  the  dead  organism,  it  must  be  conceded  that 
there  is  an  extremely  hopeful  outlook  for  the  future  of  similar  protec- 
tive inoculations  of  mankind  against  this  fever. 


III.  FURTHER  OBSERVATIONS  ON  GOATS,  CATS,  RATS, 
AND  AMBULATORY  CASES  IN  CONNECTION  WITH 
MEDITERRANEAN  FEVER. 

By  Staff-Surgeon  E.  A.  Shaw,  R.N. 
Goats. 

The  Advisory  Committee  having  suggested  the  advisability  of 
making  observations  to  determine  whether  or  not  there  existed  a 
seasonal  prevalence  of  Mediterranean  Fever  amongst  goats  such  as 
exists  amongst  men,  I  proceeded  during  the  first  week  in  March,  1906, 
to  re-examine  the  goats  supplying  milk  to  Bighi  Hospital  in  order  to 
be  able  to  compare  the  winter  prevalence  then  found  with  the  summer 
prevalence  previously  ascertained  by  me  in  the  same  group  of  goats 
in  June  to  July,  1905. 

This  examination  was  commenced  on  March  3  and  finished  on 
March  11,  At  this  period  74  goats  were  supplying  milk  to  this 
hospital  as  against  91  goats  at  the  previous  examination.  The 
component  herds  were  the  same  on  both  occasions,  but  the  smaller 
number  in  the  winter  was  due  to  the  larger  average  yield  of  milk 
per  goat  at  this  period  associated  with  a  somewhat  smaller  number 
of  patients  in  hospital.  The  result  of  this  second  examination  of 
goats  was  as  follows  : — 


Date  of 
examination. 

Serial  number 
of  goat. 

N  umber  of 

Micrococcus  melitensis 
colonies  recovered. 

March  3,  1906 

3 

Innumerable 

March  3,  1906 

4 

6  colonies 

March  4,  1906 

22 

27  „ 

March  4,  1906 

33 

12  „ 

March  4,  1906 

36 

2  „ 

March  4,  1906 

38 

76  „ 

March  5,  1906 

42 

3  „ 

March  5,  1906 

63 

241  „ 

Thus  in  March  eight  goats  out  of  74,  or  10-8  per  centum,  were  found 
to  contain  living  Micrococcus  melitensis  in  their  milk,  as  against  nine  out 
of  91,  or  9-9  per  centum,  in  June  to  July.  There  is  thus  no  appreci- 
able indication  of  a  seasonal  prevalence  affecting  this  group  of  goats, 
but  the  number  of  animals  here  examined  is  small,  and  will  have  to 
be  taken  in  connection  with  results  obtained  by  the  other  workers  who 
have  been  making  a  similar  re-examination  of  the  groups  of  goats 
examined  by  them  last  summer. 

The  history  of  the  two  experimental  goats  continued  from  my  last 
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report*  is  briefly  as  follows  :— The  elder  brown  goat  ?  again  received 
subcutaneously,  on  November  21,  1905,  the  emulsified  six-day  growth 
from  SIX  agar  slopes  of  Micrococcus  meliiensis  (human  spleen  growth, 
third  generation) ;  its  agglutination  was  on  this  date  1  in  2500,  on 
December  3,  1  in  4000,  and  on  December  24,  1  in  3000.  'on 
December  26  it  similarly  received  the  five-day  growth  from  two 
slopes  of  second  generation  from  a  race  of  Micrococcus  meliiensis  very 
virulent  for  guinea-pigs,  obtained  from  Dr.  J.  W.  H.  Eyre,  of  Guy's. 
This  developed  a  "negative  phase,"  the  agglutination  reaction 
droppnig  to  1  in  800  on  December  31,  rising  to  1  in  1000  on  January  7, 
1906,  and  1  in  2000  on  January  14,  1  in  2000  on  February  18, 
1  in  3000  on  March  11,  and  1  in  3000  on  April  15.  This  animal,  not 
having  been  impregnated  since  its  purchase  in  June,  1904,  has  yielded 
no  milk  since  June,  1905,  and  has  been  treated  as  above  described  for 
the  sake  of  its  serum, 

[Note.— On  May  26,  1906,  this  goat,  which  was  suffering  from  a 
localised  subcutaneous  abscess  at  the  site  of  the  last  inoculation,  was 
slaughtered. 

Post-mortem. — Cultivations  from  spleen  and  mesenteric  glands  gave 
profuse  growth  of  Micrococcus  melitensis.  Cultures  from  inguinal  glands 
and  the  cheesy  material  from  the  abscess  cavity  remained  sterile. 
Blood  gave  a  serum  reaction  of  1  in  1000.] 

An  Impregnation  and  Natural  Feeding  Experiment. 

The  younger  white  goat  ?  ,  now  mature,  was  sent  in  October,  1905, 
to  be  impregnated.  On  November  21  it  received  the  emulsified 
growth  from  four  slopes  of  the  same  Micrococcm  melitensis  as  its  com- 
panion {vide  supra) ;  its  agglutination  was  then  1  in  1000,  1  in  1000  on 
November  26,  1  in  800  on  December  3,  1  in  1000  on  December  10, 
1  in  1500  on  December  24.  On  December  26  it  received  one  slope  of 
same  strain  of  Micrococcus  melitensis  as  its  companion.  Its  agglutina- 
tion was  1  in  2000  on  December  31,  1  in  1500  on  January  7,  1906, 
1  in  3000  on  January  14,  and  1  in  1500  on  February  18.  On 
February  7,  5  c.c.  of  blood  were  taken  aseptically  from  its  right 
external  jugular  vein  and  incubated  in  broth.  Micrococcus  melitensis 
was  recovered  and  verified  from  this.  On  March  2  it  was  delivered  of 
a  kid;  its  agglutination  on  this  date  was  1  in  1000.  The  new-born 
kid's  blood  was  taken  and  examined  for  agglutination  reaction ;  this  was 
found  to  be  present  in  a  limit  dilution  of  1  in  800,  thus  being  slightly 
less  than  that  of  the  mother.  Agglutinins  had  thus  passed  from  the 
maternal  to  the  foetal  blood,  via  the  placental  circulation.  It  now 
remained  to  see  if  the  Micrococcus  melitensis  demonstrated  to  have  been 
present  in  the  mother's  blood  during  pregnancy  had  similarly  entered 
the  foetal  circulation.    The  kid,  born  March  2,  was  chloroformed  on 

*  See  Part  IV  of  Commission  Reports. 


GoaU,  Cats,  Rats,  and  Amliilatory  Gases. 


39 


March  4,  and  the  usual  jJost-imrtem  inoculations  made  from  the  axillary 
femoral  and  mesenteric  lymphatic  glands,  and  from  the  spleen,  liver, 
kidneys,  urine,  and  heart's  blood,  36  Petri  dishes  and  12  broth  tubes 
being  used  for  this  purpose.  Micrococcus  melitensis  was  not  recovered, 
the  tubes  and  plates  all  being  sterile  with  the  exception  of  two  which 
contained  a  few  accidental,  apparently  air,  contaminations. 

Micrococcus  melitensis  did  not  appear  to  have  passed  into  the  foetal 
circulation  though  present  in  the  maternal  blood. 

{Note. — Up  to  June  27  the  milk  from  the  white  goat  was  examined 
regularly  twice  a  week,  but  Micrococcus  melitensis  was  never  detected  in 
the  plates  prepared  from  it.  The  kid,  whose  blood  had  likewise  been 
examined  twice  a  week  and  invariably  given  a  negative  reaction  when 
tested  in  dilutions  of  1  in  10,  1  in  20,  and  1  in  50,  was  removed  from  the 
white  goat  on  June  17,  1906,  and  utilised  for  another  experiment.] 

On  March  6  a  new-born  black  kid  from  an  uninfected  mother  was 
examined  for  agglutination  reaction;  this  not  being  found  present, 
it  was  placed  with  the  bereaved  mother  goat  to  function  as  a  natural 
infected  milk-feeding  experiment,  and  the  two  animals  were  isolated. 
The  milk  of  the  mother  was  plated  twice  weekly  (four  plates  each  time), 
commencing  March  2.  Miavcoccus  melitensis  had  not  appeared  in  it 
by  April  20,  nor  had  the  little  kid  ever  presented  any  agglutination 
reaction,  though  this  was  periodically  looked  for.  The  mother's 
agglutination  reaction  went  up  to  1  in  2000  by  March  11,  and  was 
1  in  2000  on  April  15. 

In  consequence  of  ray  impending  departure  from  Malta,  Dr.  Eyre 
took  over  all  three  of  these  animals  from  me  on  April  21,  and  will 
continue  the  experiments. 

Cats. 

On  February  24,  1906,  I  commenced  an  examination  of  cats  to 
ascertain  if  Mediterranean  Fever  was  to  be  found  affecting  them  at  all. 
There  being  no  "  home "  for  lost  or  strayed  cats  in  Malta  such  as 
there  is  for  dogs,  considerable  difficulty  was  encountered  in  getting 
animals  in  quantity  for  examination ;  they  could  only  be  got  singly 
and  at  intervals  of  days.  Up  to  April  21  I  had  succeeded  in  getting 
22.  Of  these  five  presented  an  agglutination  reaction  to  Micrococcus 
melitensis  in  a  dilution  of  1  in  30.  I  was  able  to  purchase  three 
of  these,  chloroformed  them,  and  made  the  usual  post-mortem  inocula- 
tions, using  in  each  case — 

4  plates  for  femoral  lymphatic  glands. 

4       „  axillary 

4       „  mesenteric  „  „ 

4       „  spleen 

4       „  kidneys 

2       „  liver 

6  broth  tubes  for  heart's  blood. 
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Micrococcus  melitensis  was  recovered  and  verified  from  one  cat  only, 
and  that  in  very  small  quantity,  three  colonies  in  one  of  the  plates 
prepared  from  the  mesenteric  lymphatic  glands.  This  cat  belonged  to 
the  mother  of  one  of  the  laboratory  labourers,  who  was  living  in 
Birchircara,  a  small  town  three  miles  from  Valletta,  but  in  a  house 
quite  apart  from  that  in  which  her  son  lived  with  his  family. 

Rats. 

Early  in  March,  1906,  I  made  arrangements  for  obtaining  rats  from 
the  naval  dockyard,  the  abattoir  and  the  main  drains  in  order  to 
ascertain  if  these  were  at  all  infected  with  Mediterranean  Fever.  This 
examination  was  commenced  on  March  7,  and  up  to  April  21  I  had 
examined  the  blood  of  43  rats,  all  of  the  common  dark  brownish-grey 
type  usually  found  in  sewers.  Of  these  three  presented  a  faint 
agglutination  reaction  in  a  dilution  of  1  in  30  with  Micrococcus  melitensis, 
and  were  duly  chloroformed  and  the  usual  post-mortem  inoculations  from 
glands  and  organs  made,  but  no  Micrococcus  melitensis  was  recovered 
from  any  one  of  them.  On  March  22  I  noticed  trypanosomes  in  the 
blood  of  one  rat,  and  have  found  them  in  the  blood  of  eight  rats  out  of 
26  examined  since  that  date.  In  one  of  these  eight  cases  the  parasites 
after  staining  appeared  to  be  the  typical  ordinary  Tr.  Lewisii  usually 
found  in  rats ;  in  the  other  seven  the  parasites  were  all  of  similar  length 
and  breadth,  relatively  more  slender  than  Tr.  Lewisii  and  presenting 
no  such  variations  of  form  as  the  latter  usually  does. 

Ambulatory  Cases. 

I  have  continued  the  examination  of  two  of  the  ambulatory  cases* 
since  their  discovery  in  June,  1905,  up  till  April  20,  1906,  when  I 
turned  them  over  to  Dr.  Eyre  on  my  impending  departure  from  Malta. 

These  two  cases  were  those  (No.  9,  B.  Worley,  and  No.  11,  F.  Mallia) 
whose  urine  contained  Micrococcus  melitensis  in  such  extraordinarily 
large  quantities.  The  urines  from  both  these  cases  have  been  collected 
and  samples  plated  twice  weekly  throughout  the  period  named,  and 
they  have  never  failed  to  contain  Micrococcus  melitensis.  The  amount,  as 
shown  in  the  previous  Report,  has  been  very  variable.  The  average 
number  of  colonies  found  at  each  examination  during  each  month  for 
Case  9,  B.  Worley,  has  been  as  follows  : — 


1905 —  October    3000  colonies  of  Micrococcus  melitensis  per  c.c. 

November   ...  2400  „  „  „ 

December   4200  „  „  ,, 

1906—  January    2800  „  „  „ 

February   5400  „  „  „ 

March    1200 

April   540  „  „  „ 


*  See  Part  IV  of  Commission  Eepoits. 
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These  numbers  have  been  determined  in  the  manner  detailed  in  the 
previous  Eeport.  The  other  case,  No.  11,  F,  Mallia,  has  been  under 
treatment  with  drugs  with  a  view  to  seeing  if  the  excretion  of  living 
Micrococms  melitensis  in  his  urine  could  be  affected,  Case  9  being  left 
untreated  to  function  in  some  degree  as  a  standard  of  comparison. 
Urotropine  was  first  tried,  then  hydrarg.  perchlor. ;  each  was  given 
three  times  a  day,  the  following  table  shows  with  what  result : — 


Dates  of  drug  administration 
and  dose. 


Dec.  26  to  Jan.  14. 


Jan.  15  to  Jan.  22. 


Jan,  23  to  Feb.  5 


Feb.  6  to  Feb.  26 


Feb.  27  to  Mar.  31.. 


April 


2  grains  of  iirotropine 
three  times  a  day 


Increased  to  15  grains 
t.    d.  8. 


Increased  to  20  grains 
t.    d.  8. 


^th  of  a  grain  of 
byd.  perchlor.  three 
times  a  day 


Increased  to  ^th  of  a 


gram 
t. 


s. 


Treatment  suspended 


Date  of  plating 
urine. 


1905. 

December  26. 
December  29. 


1906. 

January  2 
January  .5 
January  9 
January  12 
January  16 
Jauuary  19 
January  23 
January  26 
January  30 
February  2 
February  6 
February  9 
February  13 
February  16 
February  20 
February  23 
February  26 
March   2  ... 
March   6  ... 
March  9  ... 
March  13  ... 
March  16  ... 
March  20  ... 
March  23  ... 
March  26  ... 
March  30  ... 

April  2  

April  6  

April  10  

April  14  

April  17  


Number  of 
colonies  of 
Micrococcus  meli- 
tensis recovered 
per  cubic  centi- 
metre of  urine. 


1,200 
1,300 


900 
3,600 
3,600 
3,600 
4,800 
4,800 
2,400 
4,200 
3,000 
6,000 
6,000 
8,400 
3,600 
4,000 
2,400 
1,200 
2,000 

480 
5,400 
3,600 
12,000 
7,000 
5,000 
3,000 
4,800 
3,600 
4,800 
1,200 
1,200 
Man  on  leave 

600 


^2  .  Br.  J.  W.  H.  Eyre. 

The  number  of  colonies  are  approximate,  being  determined  by 
counting  colonies  in  an  average  area  of  1  cm.  square  and  multiplying 
out,  ^  of  a  c.c.  being  distributed  over  each  plate. 

It  will  be  seen  that  the  drugs  used  had  practically  no  effect  on  the 
excretion  of  the  living  Micrococcus  melitensis,  nor  presumably,  therefore, 
on  Its  life  in  the  human  body.  These  two  cases  have  been  turned  over 
to  Dr.  Eyre  for  further  treatment  and  observations. 


IV.  MICROCOCCUS  MELITENSIS  AND  ANTISERUM. 
By  J.  W.  H.  Eyre,  M.D. 

(Received  July  2,  1906.) 

The  first  serious  attempt  to  produce  an  antiserum  for  therapeutic 
use  in  Malta  Fever  was  made  by  Wright,  who,  in  1895,  treated  goats 
and  in  the  following  year  a  horse  by  the  subcutaneous  injection  of 
"  killed  "  cultures  of  Micrococcus  melitensis.  The  serum  obtained  from 
the  goats  appeared  to  possess  but  little  agglutinative  power,  and  when 
employed  in  the  treatment  of  monkeys,  either  previously  or 
subsequently  to  the  injection  of  living  cultures  of  the  Micrococcus, 
exhibited  neither  protective  nor  curative  properties.  The  serum  of 
the  horse  was  further  used  in  the  treatment  of  patients  suffering  from 
Malta  Fever,  and  some  of  these  human  cases  recorded  by  Aldridge* 
in  1898  showed,  subsequently  to  the  administration  of  the  serum, 
improvement  which  was  ascribed  to  the  action  of  the  serum.  No 
further  observations  or  experiments  in  this  direction  have,  however, 
been  recorded  since.  In  1903  I  commenced  a  series  of  experiments 
dealing  with  the  immunisation  of  rabbits  and  of  guinea-pigs,  in  the 
hope  of  obtaining  a  bactericidal  serum  of  demonstrable  potency ; 
next  were  tried  goats,  and  finally,  in  1905,  I  undertook  the  treatment 
of  a  horse.  The  results  obtained  to  date  are  by  no  means  so 
encouraging  as  was  anticipated,  but  certain  points  have  been  estab- 
lished which  help  to  elucidate  phenomena  observed  during  the  course 
of  experimental  work  on  the  Micrococcus,  to  which  points  it  appears 
advisable  to  draw  attention. 

My  early  experiments,  in  which  the  rabbit  as  well  as  the  guinea-pig 
was  employed,  confirmed  Durham's t  valuable  observations ;  his  results 
may  be  summarised  as  follows,  the  illustrative  cases  being  taken  from 
my  own  note-book : — 

{a)  That  the  development  of  specific  agglutinins  in  the  blood  was 

*  '  Lancet,'  vol.  1,  1898,  p.  1394. 

t  '  Journ.  of  Path,  and  Bact.,'  vol.  5,  1899,  p.  377. 
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slower  ill  rate  and  less  in  amount  in  the  most  severe  and  in  the  least 
severe  infections  (compare  Animals  Nos.  1  and  2,  Table  I).  Speaking 
aenerally,  the  formation  of  large  quantities  of  agglutinins  took  place 
when  the  resisting  power  of  the  infected  animals  was  considerably  but 
not  over  strained. 

{h)  That  there  was  apparently  little  direct  relationship  between 
Agglutinins  and  antitoxic  or  antibacterial  substances,  as  the  blood  of 
infected  animals  frequently  showed  a  high  agglutinative  power  for 
some  time  prior  to  a  fatal  termination  (see  Animals  Nos.  3,  4,  and  5, 
Table  I). 

{c)  And,  finally,  that  animals  whose  blood  at  death  possessed  a  low 
agglutination  index  often  showed  a  general  blood  infection  with 
abundant  cocci,  whilst  it  was  frequently  observed  in  those  with  high 
Agglutinative  power  that  cocci  were  either  absent  from  the  blood  of 
the  general  circulation  or  present  in  very  small  numbers  (compare 
Animals  Nos.  1  and  3,  Table  I). 

Occasionally,  however,  the  cocci  are  present  in  the  peripheral  blood 
in  enormous  numbers,  even  when  the  sedimentation  value  of  the  serum 
is  fairly  high  (see  Animals  Nos.  4  and  5,  Table  I). 


Table  I. 


Eeference 
No. 

Guinea- 
pig  No. 

Dose 
of  living 
culture. 

Method 
of  inoculation. 

Sedi- 
mentation, 
value  of 
serum. 

Interval 
between 
inoculation 
and  death. 

Number 
of  cocci 
per  10  cm. 

heart 
blood  at 

death. 

loop. 

1 

63 

1 

Intracerebral 

1  :10- 

10  hours 

6000 

2 

12b 

0-001 

>j 

l  :  500  + 

28  days 

Nil 

3 

15 

1 

1  :  1100  + 

27  hours 

3 

4 

90 

1 

» 

1:600  + 

4  days 

500 

5 

i 

19c 

1 

» 

1 : 1000  + 

21  „ 

1000 

In  addition  it  was  found  that  the  intravenous  injection  of  graduated 
•doses  of  killed  cultivations  of  Micrococcus  melitensis  provoked  the 
formation  of  agglutinins  (though,  speaking  in  general  terms,  in  lesser 
•quantities  than  followed  the  injection  of  suitable  doses  of  living 
cultures),  and  that  after  agglutinins  had  been  formed  in  demonstrable 
■quantities,  the  immediate  effect  of  the  introduction  of  a  further  dose 
of  killed  culture  was  to  temporarily  diminish  the  quantity  of 
agglutinins  present  in  the  serum,  and  its  more  remote  effect  to  provoke 
a  marked  increase  (see  Chart  I).  Again,  it  was  often  observed  that 
if  the  injections  were  too  frequently  repeated,  this  immediate  diminu- 
tion was  cumulative  (see  Chart  II),  conclusively  showing  that  the 
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foniiation  of  agglutinuting  sulistances  for  Micrococcus  melitensis^ 
followed  the  same  laws  as  those  of  typhoid,  dysentery,  and  other 
better-known  agglutinins. 

After  the  long-continued  treatment  of  the  raljbit  by  repeatedly 
injecting  suitable  doses  of  killed  cultures,  and  the  establishment  and 
maintenance  of  a  high  agglutinative  power  in  the  blood,  the  introduc- 
tion of  even  comparatively  small  amounts  of  living  virulent  cultures 

Chart  I. 


Showing  the  immediate  and  remote  effects  upon  the  sedimentation  index  of  the- 
experimental  rabbit  of  2  milligrammes  "killed"  cultivation  of  Micrococcus^ 
melitensis  administei"ed  intravenously. 

almost  invariably  caused  the  death  of  the  animal,  whilst  the  highly 
agglutinating  blood  serum  of  the  treated  animals  failed  to  protect 
normal  rabbits  against  infection  or  modify  the  course  of  such 
infection. 

E.g.,  Rabbit  No.  8,  weight  3000  grammes,  under  treatment  for  seven  months,, 
litre  of  serum  =  1  :  1500,  received  one  loop  of  a  three-day  old  agar  culture  of 
Micrococcus  melitensis  intracerebrally.  Death  occurred  in  10  days  from  Micro- 
coccus melitensis  septicaemia,  and  post-mortem  all  the  organs  and  tissues  were 
found  to  be  crovirded  vrith  the  micrococci. 

The  difficulties  in  the  way  of  obtaining  serum  in  sufficient  quantity 
from  the  rabbit  for  extensive  tests  of  its  influence  on  the  course  of 
infections  resulting  from  the  injections  of  other  animals  with 
Micrococcufi  melitensis  led  me  to  attempt  the  immunisation  of  goats, 
employing  at  first  the  method  of  intravenous  injection  of  killed 
cultures  of  Micrococcus  melitensis.     After  five  months'  work  it  Avas 
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found  that  the  agghitinative  power  of  the  blood  serum  could  not  be 
pushed  much  beyond  1  :  200,  although  the  amount  of  inoculum 
introduced  at  the  latter  injections  was  equivalent  to  the  entire 
bacterial  growth  of  one  Roux  culture  bottle.    The  subsequent  injection 


Chart  II. 


Showing  the  effects  produced  upon  the  sedimentation  index  of  the  experimental 
rabbit  by  the  repeated  injection  of  small  doses  of  living  cultivations  of 
Micrococcus  melitensis  (0"001  of  a  loop). 
iVo^e.— Rabbit  No.  2  died  July  30.    Micrococcus  melitensis  recovered  in  large 
numbers  from  all  organs. 
Rabbit  No.  7  died  August  28.    Micrococcus  melitensis  not  recovered. 


intravenously  of  living  cultures  elicited  no  adequate  response,  although 
it  yielded  the  further  information  that  the  coccus  remained  alive  in 
the  general  circulation  and  could  be  recovered  from  the  peripheral 
blood  of  the  animal  at  least  a  month  after  injection.  On  the  other 
hand,  owing  to  the  low  virulence  of  the  culture  of  Micrococcus  melitensis 
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with  which  I  was  working,  the  course  of  the  infection  in  the  experi- 
mental animals  extcjided  to  months,  and  it  became  impossible  to 
ascribe  therapeutic  value  to  the  goat's  serum  when  an  animal  treated 
therewith  survived  the  control  l)y  two  or  even  three  months— even 
when  at  the  ])ost-mortem  examination  cocci  were  al>sent  from  the 
organs,  bone  marrow,  and  urine,  for  similar  findings  were  not 
infrequently  recorded  in  the  control  guinea-pigs. 

Under  these  circumstances  I  directed  my  attention  to  the  exaltation 
of  the  virulence  of  the  Micrococcus  melitensis  for  the  guinea-pig,  with 
the  result  (as  detailed  in  a  previous  paper  in  these  Keports — Part  II, 
p.  67)  that  a  loop  holding  some  0-5  milligramme  of  culture  could  be 
depended  to  produce  death  within  seven  days.  Such  a  dose,  although 
obviously  not  the  minimal  fatal  dose,  is  referred  to  as  the  "  standard  " 
dose. 

A  chestnut  mare  was  purchased  by  the  Commission  at  the  end  of 
March,  1905,  and  after  satisfactorily  passing  the  tuberculin  and 
mallein  tests  its  serum  was  tested  against  an  emulsion  of  Micrococcus 
melitensis  and  was  found  to  be  totally  devoid  of  agglutinative  power 
on  the  coccus,  even  when  equal  quantities  of  the  serum  and  emulsion 
(1  :  2)  were  placed  in  contact.  Treatment  was  begun  on  April  3 
by  the  subcutaneous  injection  of  10  milligrammes  of  Micrococcus 
melitensis  culture,  previously  suspended  in  10  c.c.  saline  solution  and 
killed  by  heating  to  59°  C.  for  30  minutes  in  water  bath.  In  this 
connection  I  may  mention  that  the  strain  of  Micrococcus  melitensis 
used  throughout  these  horse  injections  was  the  one,  highly  virulent 
for  guinea-pigs,  mentioned  above. 

At  intervals  of  about  one  week,  the  exact  time  being  determined 
by  attention  to  such  points  as  the  general  condition  of  the  mare, 
temperature,  etc.,  the  injection  was  repeated  and  the  size  of  the  dose 
of  killed  culture  gradually  increased  until  after  nearly  two  months' 
treatment  it  had  reached  250  milligrammes.  The  quantity  of 
agglutinins  formed  in  response  to  these  injections  was,  however,  small, 
and  a  complete  reaction  could  not  be  obtained  in  higher  dilutions 
than  1  :  5.  The  seat  of  inoculation  was  then  changed,  and  18  milli- 
grammes of  dead  cocci  injected  directly  into  the  external  jugular 
vein,  with  the  result  that  the  agglutinins  immediately  increased  in 
amount  and  the  sedimentation  curve  rose  to  1  :  100.  Living  cocci 
from  three-day  old  agar  cultivations  were  then  substituted  for  the 
"  killed "  cultures,  and  were  injected  intravenously  (gradually 
increasing  doses  from  5  milligrammes  up  to  about  3000  milligrammes 
being  introduced  on  10  separate  occasions  during  the  following  six 
and  a-half  months),  and  in  this  series  the  interval  between  the 
injections  was  regulated  by  the  movements  of  the  sedimentation 
curve,  which  invariably  responded  to  an  injection  in  the  manner 
already  referred  to  and  graphically  represented  in  Chart  I.  The 
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details  of  the  18  injections  are  summarised  in  the  accompanying 
table  (II). 

Table  IL— Details  of  Horse  Inoculations. 


No.  of 
inocula- 
tion. 


Date. 


Character 
of  inoculum. 


Approxi- 
mate size 
of  dose  of 
cocci. 


Bulk  of 
emulsion 
injected. 


Site 
of  inoculation. 


Eesulting 
sedimenta- 
tion value  of 
serum. 


2 
3 
4 
5 
6 
7 
8 


3/4/05 

10/4/05 
15/4/05 
25/4/05 

1/5/05 
11/5/05 
20/5/05 

2/6/05 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


15/6/05 
26/6/05 
4/7/05 
13/7/05 
29/7/05 
10/8/05 
23/8/05 
26/9/05 
12/10/05 
9/12/05 


"KiUed"  culti- 
vation 


)i 
>> 
j> 
>> 
» 
» 


mg. 

CO. 

10 

10 

25 

10 

25 

10 

50 

20 

100 

50 

100 

50 

250 

50 

18 

10 

Subcutaneously 


Intravenously 


1  :  2- 


2- 
2- 
2- 
2- 
2- 
5-t- 
100-1- 


Living  cultures 


» 
>» 


5 

20 

Intravenously 

1:600-1-  1 

5 

10 

>) 

1:1500-1-  ; 

10 

25 

J) 

1  :  2000  -1- 

25 

50 

31 

1  :  1000  -1- 

25 

50 

)» 

1  :  5000  -1- 

50 

50 

>> 

1  :  5000  -1- 

50 

50 

»  . 

1  :  2000  + 

1250 

50 

»> 

1  :  2000 ± 

1250 

50 

1  :  1500  -1- 

3000 

100 

» 

1  :  3000  + 

i 

The  clinical  phenomena  exhibited  by  the  animal  subsequently  to 
an  injection  were  remarkably  few.  The  temperature  invariably  rose 
within  a  few  hours  of  the  injection,  but  rarely  more  than  l°-5  to  2°  C, 
and  the  mare  was  "  off  her  feed  "  for  perhaps  24  to  36  hours.  The 
temperature  rapidly  fell,  and  was  again  normal  within  two  or  three 
days.  After  a  subcutaneous  inoculation  of  the  dead  bodies  of  the 
cocci  a  small  local  swelling  appeared  in  about  12  to  18  hours,  which 
was  tender  and  "boggy  "to  the  touch.  This  was  soon  absorbed  as 
a  rule,  but  on  one  occasion  it  persisted  for  some  days,  became  conical 
in  shape,  and  the  apex  of  the  cone  became  so  soft  as  to  induce  me  to 
incise  at  this  point.  No  pus,  however,  was  present ;  cultures  from 
the  oedematous  subcutaneous  tissue  remained  sterile,  and  the  wound 
rapidly  healed.  On  another  occasion  the  emulsion  of  living  cocci 
was  prepared  with  sterile  distilled  water  instead  of  normal  saline 
solution  and  injected  intravenously,  with  the  result  that  a  certain 
amount  of  thickening  occurred  along  the  course  of  the  external 
jugular  vein,  requiring  nearly  a  week  for  its  complete  absorption, 
and  causing  a  heavy  fall  in  the  sedimentation  value  of  the  serum.. 
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Beyond  these  two  mishaps  nothing  occurred  to  disturb  the  progress 
of  treatment,  and  in  Fel)ruary,  1906,  some  six  M^eeks  after  the  final 
bleeding,  the  mure  had  immensely  improved  in  weight,  general 
-appearance,  and  spirit  since  her  purchase  by  the  Commission. 

Chart  III. 


•Showing  tlie  response  of  the  temperature  (continuous  line)  and  sedimentation 
(interrupted  line)  curves  of  the  Malta  Fever  mare  to  each  of  the  18  injections. 
The  average  temperature  of  the  normal  horse  is  37°'57  C.  (Sims  Woodhead, 
'Proc.  Physiological  Soc'  vol.  23,  1899,  pp.  15—18. 
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In  the  accompanying  chart  I  have  abstracted  the  movements  of  the 
curves  of  the  temperature,  and  of  the  sedimentation  vahie  of  the 
serum,  corresponding  to  each  individual  inoculation. 

In  addition  to  the  samples  of  blood  frequently  abstracted  to 
determine  the  amount  of  agglutinins  present,  larger  quantities  (some 
250  c.c.)  were  drawn  at  intervals,  and  on  the  separation  of  the  serum 
tests  were  made  in  the  first  place  of  its  sterility  and  in  the  second 
of  its  protective  properties.  With  reference  to  the  first  point,  so  far 
as  could  be  determined  by  plate  and  tube  cultivations,  the  serum, 
when  carefully  decanted  from  the  blood  clot,  was  absolutely  sterile, 
but  the  injection  of  animals  showed  that  a  sufficient  number  of 
micrococci  were  present  in  the  blood  serum  when  this  had  been 
drawn  within  about  three  weeks  of  an  inoculation  to  cause  a  fairly 
acute  infection,  but  that  by  the  end  of  about  four  weeks  after  injec- 
tion, the  horse  had  been  able  to  remove  all  living  cocci  from  the 
genei'al  circulation,  and  the  serum  was  then  innocuous  and  presumably 
sterile. 

These  results  may  be  conveniently  tabulated  as  follows  : — 

Table  III. 


Date. 


Animal  and 
number. 


Injected  v/ith. 
horse  serum. 


Quan- 
tity. 


Obtained — 
days  since 

last 
injection. 


Method 
of  inoculation. 


Result. 


23/8/05 

Guinea  pig  16 

c.c. 
10 

13 

)) 

„  57 

10 

13 

15/9/05 

»  64 

10 

21 

22/9/05 

16a 

10 

28 

24/11/05 

„  17 

10 

28 

Rabbit  171  ... 

10 

28 

Subcutaneously  Death  in  3  days,  M.  meli- 
I    tensis  recovered. 
„  I  Death  in  2  days,  M.  meli- 

tensis  recovered. 
„  Death  in  3  days,  M.  meli. 

1    tensis  recovered. 
Animal  unaffected — 

serum  absorbed. 
Animal  unaifected — 
serum  absorbed. 
Intravenously    Aninial  unafPected. 


Note.— It  was  probably  during  the  dilution  of  the  serum  drawn  on  August  20  in 
readmess  for  me  to  determine  its  sedimentation  value,  or  during  the  performance  of 
th^  post-mortem  on  guinea-pigs  Nos.  16  and  57,  that  my  colleague,  Dr.  Price  Jones 
became  infected,  and  15-17  days  later  developed  a  typical  attack  of  Malta  Fever. ' 

The  question  of  protective  properties  may  be  easily  dismissed 
In  no  case  up  to  the  present  (and  some  20  guinea-pigs  were  employed 
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for  the  experiments  with  the  serum  obtained  in  February  last)  did 
the  subcutaneous  injection  of  even  large  quantities  of  the  serum 
10  c.c  and  20  c.c,  prevent  the  subsequent  infection  of  the  experi- 
mental animal  by  a  "  standard  »  dose  of  Micrococcm  f>ielitensis  injected 
mtracerebrally,  or  do  more  than  slightly  retard  the  fatal  termination 
When,  however,  O'l  c.c.  of  serum  and  a  "  standard  "  dose  of  Micro- 
cocci were  simultaneously  introduced  into  the  cerebral  tissue  the 
animal  remained  unalfected. 


Table  IV. 


Gruinea- 
pig  No. 

Dose 
of 
culture. 

Method 
of  inocula- 
tion. 

Dose 

of 
serum. 

Method 
of  injection. 

Result. 

140 

loops. 

c.c. 

1 

la 

5 

Subcutaneously 

Death  in  6  days,  M.meli- 

141 

u 

iensis  recovered. 

2 

<a 
f-i 

5 

J) 

Death  in  36  lirs.,  M.meli- 

142 

<D 
O 

tenuis  recovered. 

1 

SS 

u 

0-1 

Intracerebrally 

Unaffected. 

143 

1 

1— ( 

Death  in  36  hrs.,  M.  meli. 

tensis  recovered. 

The  possible  possession  of  therapeutic  properties  by  this  serum  was 
next  investigated  experimentally. 


Addendum,  Octoher,  1906. 

Six  healthy  monkeys  (Macacus  rhesus)  were  selected,  and  each 
injected  subcutaneously  with  O'l  of  a  loopful  of  cultivation  of  Micro- 
coccus melitensis  (grown  for  24  hours  at  37°  C.  on  an  agar  slope), 
emulsified  in  1  c.c.  normal  saline  solution.  The  animals  were 
numbered  1  to  6  inclusive.  Eight  days  later,  when  signs  of 
successful  infection — rise  of  temperature,  appearance  of  agglutinins  in 
blood,  etc.  —  were  apparent,  Nos.  1  and  2  were  set  aside  for 
observation  as  controls ;  Nos.  3,  4,  and  5  received  3  c.c.  horse  serum 
subcutaneously  daily  for  eight  days,  and  No.  G  received  3  c.c.  horse 
serum  injected  directly  into  the  external  saphenous  vein  daily  for 
a  similar  period.  The  result  was  by  no  means  encouraging,  and  is 
well  shown  in  the  accompanying  series  of  charts,  for  while  Monkey 
No.  4  showed  a  comparatively  even  temperature  and  an  absence  of 
marked  pyrexia  that  might  be  attributed  to  the  action  of  the  serum, 
the  charts  of  the  remaining  three  serum-treated  monkeys  show  no 
marked  differences,  so  far  as  concerns  the  range  and  duration  of 
pyrexia,  from  those  of  the  two  controls,  while  throughout  the  course 
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of  the  experiment  simple  visual  observation  of  the  infected  animals 
was  insufficient  to  enable  one  to  distinguish  between  those  treated 
with  serum  and  the  controls. 

The  serum  was  also  used  in  the  treatment  of  one  human  case,  but 
beyond  steadying  the  pulse  and  bringing  it  down  from  108  to  96  per 
minute,  a  result  which  might  equally  well  have  been  achieved  by  a 
simple  injection  of  normal  saline  solution,  no  further  effect  could  be 
detected. 


V.  MEDITERRANEAN  FEVER  IN  GIBRALTAR. 
By  Major  W.  H.  Horrocks,  R.A.M.C. 

Mediterranean  Fever,  often  called  "  Rock  Fever,"  has  existed  in 
Gibraltar  for  many  years.  Although  the  cause  of  the  disease  was  not 
known  until  Bruce  isolated  the  Micrococcus  melitensis  from  fatal  cases 
in  Malta,  medical  men  practising  on  the  Rock  knew  of  the  existence 
of  a  fever  which  was  characterised  by  long  duration,  low  mortality 
and  liability  to  be  followed  by  rheumatic  sequelge.  In  the  Army 
Medical  Department  Report  for  1878,  it  is  stated  that  many  of  the 
cases  of  rheumatism  were  of  an  obstinate  nature  following  attacks  of 
Mediterranean  Fever,  and  in  the  Report  for  the  year  1880  mention  is 
made  of  194  cases  of  rheumatism  associated  with  previous  attacks 
of  "Rock  Fever."  The  civil  health  reports,  furnished  25  years  ago, 
do  not  contain  any  references  to  Mediterranean  Fever,  but  in  the 
Report  for  1883  there  is  a  statement  that  the  civil  population  suffered 
from  marked  outbreaks  of  a  fever  which  was  not  enteric  fever  and 
had  a  very  low  death-rate.  An  examination  of  the  returns  of  the 
Colonial  Hospital  shows,  however,  that  the  local  fever  was  rarely 
admitted  into  that  institution.  Dr.  Turner,  the  senior  colonial 
surgeon,  wrote  in  a  paper  on  the  Rock  Fever  of  Gibraltar,  published 
in  1883,  "amongst  the  indigent  poor  of  the  civil  community  residing 
in  the  central  districts  of  the  town,  I  have  attended  at  their  homes 
during  1882  and  1883  over  900  cases  of  illness;  of  these  115  have 
been  attributed  to  continued  fever  and  but  two  have  died.  My 
experience  in  practice  among  the  upper  classes  yields  similar  results. 
.  .  .  Rheumatism  is  undoubtedly  present  in  varying  degrees  of 
intensity  in  a  large  proportion  of  the  cases."  There  can  be  no  doubt 
that  Mediterranean  Fever,  as  we  know  it  now,  Avas  very  prevalent 
both  among  the  civil  and  military  populations  some  25  years  ago. 
But  as  the  continued  fevers  were  neither  reported  to  the  health  officer 
nor  admitted  into  the  Colonial  Hospital,  except  the  cases  were  very 
severe,  it  is  necessary  to  examine  the  military  statistics  in  order  ta 
obtain  an  idea  of  the  real  prevalence  of  the  disease.  Until  the  year 
1897,  when  serum  diagnosis  was  practised,  the  fevers  occurring  among 
the  military  population  were  returned  under  the  headings,  Febricula, 
Simple  Continued  Fever  and  Enteric  Fever.  The  term  Remittent 
Fever  was  not  much  used  except  in  connection  with  cases  of  fever 
developing  in  regiments  which  had  recently  arrived  from  stations 
where  malaria  was  prevalent. 

Unfortunately,  the  term  Simple  Continued  Fever  was  used  for 
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febrile  attacks  of  short  duration  as  well  as  for  cases  of  prolonged  fever 
attended  by  marked  anjemia  and  complicated  by  rheumatism,  so  that 
in  order  to  make  a  reliable  estimate  of  the  probable  number  of  cases 
of  Mediterranean  Fever  it  has  been  necessary  to  examine  the  Army 
Medical  Keports,  the  Admission  and  Discharge  Books  and  the  Case 
Books  preserved  in  the  military  hospital.  A  careful  examination  of 
these  records  from  the  year  1884,  shows  that  if  cases  of  simple 
continued  fever  in  hospital  for  14  days  and  under  are  ehminated,  a 
large  number  of  cases  remain  which  are  almost  certainly  Mediter- 
ranean Fever.  A  few  cases  in  hospital  for  16  to  20  days  are  doubtful, 
but  as  similar  cases  observed  during  the  last  three  or  four  years  gave 
a  serum  reaction  with  the  Micrococcus  iiielitensis,  they  have  been 
included  in  the  Mediterranean  Fever  group.  Prior  to  the  year  1884 
Admission  and  Discharge  Books  are  not  available,  so  it  is  only  possible 
to  ol)tain  a  general  idea  of  the  wave  of  total  fevers  on  the  Rock  from 
the  Army  Medical  Reports.  The  figures  given  show  that  a  wave  of 
fever  commenced  in  1874  and  reached  a  maximum  in  1882  when  902 
cases  of  fever  were  recorded.  On  the  attached  chart  the  total  number 
of  cases  of  continued  fever  are  shown  from  1882  to  1905,  and  from 
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the  year  1884  the  proportional  parts  which  enteric  fever,  Mediter- 
ranean Fever  and  simple  continued  fever  Ijear  to  the  whole  are 
represented  by  uniform  shading,  crossed  lines  and  simple  diagonal 
lines  respectively.  It  will  be  seen  that  in  the  year  1884  there  were 
833  cases  of  continued  fever,  of  which  429  were  probably  Mediter- 
ranean Fever.  In  1885  there  were  697  cases  of  continued  fever, 
including  341  cases  of  Mediterranean  Fever.  In  the  year  1886, 
however,  there  were  only  331  cases  of  continued  fever,  and  of  these 
158  were  returned  as  enteric  fever.  The  great  increase  in  the  number 
of  cases  was  attributed  partly  to  an  infected  regiment  arriving  on  the 
Rock  after  service  in  the  Egyptian  War,  and  partly  to  serious  sanitary 
defects  in  Town  Range,  Hargreaves,  and  Buena  Vista  Barracks.  The 
figures  are  probably  correct,  as  26  deaths  occurred  among  the  158  cases 
of  enteric  fever.  Besides  the  marked  decrease  in  the  numbei'  of 
cases  of  Mediterranean  Fever,  the  year  1886  is  also  remarkable  for 
the  practical  extinction  of  simple  continued  fever.  In  1887  there  was 
again  a  considerable  fall  in  the  number  of  cases  of  Mediterranean 
Fever,  and  from  that  date,  Math  slight  oscillations,  the  curve  of  Mediter- 
ranean Fever  gradually  declined  until  it  reached  zero  in  1904. 

During  the  years  under  review  the  military  population  varied 
between  4,307  in  1886  and  5,031  in  1901,  and  at  the  time  when  the 
most  marked  fall  in  the  fever  curve  occurred  the  population  averaged 
4,724.  The  rapid  disappearance  of  febrile  diseases  from  the  Rock, 
which  commenced  in  1885,  forms  a  marked  contrast  to  the  state  of 
things  in  Malta  during  corresponding  years.  It  is  plain  that  some 
important  cause  of  fever,  which  has  vanished  from  Gibraltar,  has 
continued  to  operate  in  Malta. 

Having  discovered  (1)  that  the  Micrococcus  meUtensis  is  excreted  in 
urine  of  men  and  goats  and  that  animals  can  be  infected  by  dust 
contaminated  with  urine  of  patients  suffering  from  Mediterranean 
Fever,  and  (2)  that  the  Micrococcus  meUtensis  is  excreted  in  the  milk  of 
infected  goats  and  that  the  consumption  of  this  milk  causes  Mediter- 
ranean Fever  in  monkeys,  it  is  evident  that  both  sanitary  conditions 
and  possible  infection  of  goats  on  the  Rock  must  be  investigated  if  the 
key  to  the  problem  is  to  be  found. 

Sanitary  Conditions  of  the  Rock. 

Military  Districts. — An  examination  of  the  Army  Medical  Department 
Reports  shows  that  during  the  past  30  years  there  has  been  a  gradual 
improvement  in  the  sanitary  condition  of  the  military  districts.  In 
1872-3  a  main  drain  was  made  at  the  New  Mole  and  glazed  pipes  were 
usedj  the  joints,  however,  were  made  with  clay  and  bedded  in  mortar. 
In  1886  the  drainage  of  Town  Range,  Hargreaves,  and  Buena  Vista 
Barracks  was  improved  and  the  waste  pipes  of  ablution  rooms  were 
disconnected  from  sewers.     In  1887  the  Principal  Medical  Officer 


Mrditcn-diwait  Firn-  in  Gibraltar. 


57 


reported  that  "the  whole  system  of  soil  drains  requires  to  be 
thoroughly  overlooked,  and  nothing  short  of  laying  down  new  soil 
pipes  can  possibly  meet  the  urgent  requirements  under  this  head  .  .  . 
the  present  soil  drains  of  hick  are  defective."  In  1888  he  stated  that 
"  a  considerable  number  of  sanitary  improvements  were  eflected  in  the 
ditierent  barracks  during  the  year,  principally  as  regards  improvements 
in  drainage,  both  by  structural  alterations  and  ventilation  of  existing 
drains."  It  was  customary  to  make  the  joints  in  drainage  work  with 
clay  up  to  the  year  1890,  and  most  of  the  drains  were  of  the  chair  and 
saddle  type.  Fresh-air  inlets,  with  mica  flaps,  for  drains  were  first 
used  about  the  year  1890.  It  is  evident  that  up  to  the  year  1888  the 
military  drainage  was  extremely  faulty,  and  the  new  work  done  up  to 
the  year  1890  still  permitted  pollution  of  the  soil  owing  to  the  use  of 
clay  joints. 

Civil  Districfs.—U^  to  the  year  1865  the  civil  drains  and  sewers  were 
constructed  with  bricks  on  the  box  pattern,  and  the  sewage  was  dis- 
charged into  the  "  Bay  "  on  the  west  side  of  the  Rock.  During  the 
years  1865-8  the  box  drains  were  removed  and  earthenware  pipes  of 
the  chair  and  saddle  type  were  laid  in  the  north  district  of  the  town. 
A  similar  change  was  made  in  the  south  district  during  the  years 
1870-4.  At  that  time  there  was  no  disconnection  of  house  drains 
from  tributary  sewers,  but  in  the  year  1883  Weaver's  siphon  trap 
was  installed  on  ciAnl  premises.  In  1893  the  building  bye-laws  were 
passed,  and  the  chief  requirements  of  the  Local  Government  Board 
model  Ijye-laws  were  then  insisted  upon.  Fresh-air  inlets  for  house 
drainage,  i-inch  soil  pipes  placed  outside  houses,  and  w.c.'s  with 
separate  flushing  tanks  had  to  be  provided  in  houses  occupied  by  the 
civil  community.  In  the  year  1896  the  new  main  sewer  discharging 
the  town  sewage  on  the  east  side  of  the  Eock  was  commenced,  and  the 
work  was  completed  in  1898. 

As  the  curve  representing  febrile  diseases  amongst  the  military, 
population  steadily  rose  from  1874  to  1884,  it  is  unlikely  that  the 
improved  civil  drainage  was  the  principal  cause  of  the  reduction  of 
fever  that  suddenly  commenced  in  1885.  The  disconnection  of  civil 
premises  from  tributary  sewers  may  have  had  an  influence  in  diminish- 
ing febrile  attacks  among  the  civil  population.  Up  to  and  including 
the  year  1883  the  civil  Health  Reports  contain  several  references  to 
outbreaks  of  fever,  not  enteric,  amongst  the  civil  population,  but  in  the 
two  years  following  the  house  disconnection  febrile  diseases  are  stated 
to  be  not  so  prevalent  as  formerly.  There  are,  however,  no  figures  in 
the  Health  Reports  to  support  these  general  statements. 
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Examination  of  Goats. 

Twenty  years  ago  goats  were  allowed  to  graze  on  the  upper  portions 
of  the  western  side  of  the  Eock,  and  for  this  purpose  passes  were 
granted  to  goat-keepers  by  the  Royal  Engineers.  On  consulting  the 
records  in  the  office  of  the  War  Office  Lands,  it  appears  that  in  the  year 
1883  passes  for  1,795  goats  were  granted.  During  the  year  252  goats 
were  sold;  consequently,  in  1884,  there  were  1,543  goats  on  the  Rock. 
In  1886  the  Royal  Engineer  records  showed  passes  granted  for  1,512 
goats.  In  1887  only  1,285  passes  were  given,  and  these  were  reduced 
to  1,104  in  1888.  In  1890  the  passes  were  reduced  to  590,  and  in  1892 
some  80  of  these  were  cancelled.  In  1893  the  War  Office  took  posses- 
sion of  the  ground  below  Ince's  Farm  and  150  goats  kept  there  at  the 
time  were  sold.  From  1894  to  1902  the  number  of  goats  appears  to 
have  changed  very  little.  An  examination  made  by  Sanitary  Inspector 
Balestreno  at  the  end  of  1903  showed  413  goats  to  be  present.  In 
1904  the  passes  were  reduced  to  210,  and  when  I  commenced  the 
examination  of  goats  in  1905  I  found  254  goats  distributed  on  the 
various  parts  of  the  Rock. 

It  might  be  urged  that  though  passes  for  grazing  were  withdrawn,, 
the  goats  were  still  kept  and  fed  in  the  goat-sheds.  This,  however, 
Avas  not  the  case,  as  from  information  supplied  by  former  goat-keepers,, 
who  no  longer  follow  the  trade,  I  have  ascertained  that  from  1883  to 
1893  about  1,100  goats  were  sold.  As  many  Maltese  goat-keepers  wha 
used  to  keep  goats  have  left  the  Rock,  it  is  not  possible  to  trace  the 
fate  of  all  the  goats  present  in  Gibraltar  in  1883.  Still,  as  the  Maltese 
now  following  the  goat  trade  assure  me  that  goats  Avere  not  kept  in 
any  numbers  when  passes  for  grazing  could  not  be  obtained,  and  as  the 
War  Office  took  over  the  land  upon  which  many  of  the  old  goat-sheds 
were  built,  I  think  the  figures  given  above  may  be  taken  as  represent- 
ing fairly  accurately  the  number  of  goats  on  the  Rock  during  the  years 
mentioned. 

It  is  interesting  to  note  that  in  1883  practically  all  the  goats  on 
the  Rock  were  Maltese,  and  at  that  time  regular  shipments  of  goats 
from  Malta  to  Gibraltar  took  place.  Pari  passu  with  the  withdrawal 
of  grazing  passes  and  the  increase  in  the  cost  of  shipment,  the 
importation  of  goats  from  Malta  on  a  large  scale  ceased,  and  goat- 
keepers  replaced  their  slock  partly  by  importation  of  Spanish  goats 
and  partly  by  breeding.  In  this  way  three  classes  of  goats  were 
obtained,  viz.  :  (1)  Spanish  goats  ;  (2)  Maltese  goats,  descendants  of 
the  goats  originally  brought  from  Malta ;  (3)  "  mixed  "  goats,  obtained 
mainly  by  breeding  from  Maltese  fathers  and  Spanish  mothers. 

Infection  of  Goats  Existing  on  the  Rock  in  1905. — Specimens  of  blood 
were  taken  from  254  goats  found  on  various  parts  of  the  Rock  and 
tested  in  the  usual  manner  Avith  a  recent  culture  of  the  Micrococcus 
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meliknds,  dilutions  of  serum  from  1  in  10  to  1  in  100  being  made. 
The  results  obtained  are  given  in  the  attached  table,  which  shows 
that  14  per  cent,  of  the  goats  gave  a  reaction  with  the  Micrococcus 
melifemis.  There  appears  to  be  very  little  difference  between  the 
infection  (about  15  per  cent.)  of  the  Maltese  and  "  mixed "  breeds. 
Of  the  Spanish  goats,  however,  only  11  per  cent,  seem  to  be  infected. 
Samples  of  milk  were  taken  from  all  the  goats,  except  those  that 
were  pregnant,  and  tested  for  agglutination.  The  milk  from  Nos.  3 
and  4,  both  Maltese  goats,  in  Goat-shed  No.  1,  Engineer  Eoad,  caused 
immediate  clumping  of  a  rich  emulsion  of  the  Micrococcus  melitensis. 
None  of  the  other  samples  of  milk,  whether  from  infected  or  non- 
infected  goats,  gave  any  signs  of  a  reaction.  Ten  cubic  centimetres 
of  each  sample  of  milk  were  then  centrifugalised  and  the  deposit 
plated  on  glucose-nutrose-litmus-agar.  Numerous  colonies  of  the 
Micrococcus  melitensis  were  found  in  the  plates  made  with  the  milk 
from  the  Maltese  Goat  No.  4,  Engineer  Koad.  It  was  expected  that 
the  specific  organism  would  also  be  found  in  the  milk  of  Goat  No.  3, 
Engineer  Eoad,  but  though  it  was  repeatedly  examined,  no  signs  of 
the  Micrococcus  melitensis  could  be  detected.  Five  cubic  centimetres 
of  blood  were  taken  from  Goat  No.  4  on  three  different  occasions  and 
planted  out  in  broth,  but  no  growth  occurred.  An  examination  of 
the  milk  was  made  at  frequent  intervals  during  the  next  three 
months,  but  the  Micrococcus  melitensis  never  appeared  again ;  conse- 
quently, it  would  seem  that  Goat  No.  4  had  not  been  recently 
infected. 

It  will  be  noticed  that  the  dilutions  of  the  sera,  which  reacted  with 
the  Micrococcus  melitensis,  are  mostly  low,  only  two  sera  reacting  in  a 
dilution  of  1  in  100  and  six  in  a  dilution  of  1  in  50.  These  reactions 
also  suggest  that  many  of  the  goats  are  probably  in  a  late  stage  of 
the  disease.  A  re-examination  of  the  goats  made  six  months  later 
proved  this  to  be  the  case,  as  the  sera,  which  formerly  reacted  in 
dilutions  of  1  in  100  and  1  in  50,  then  only  reacted  in  dilutions  of 
1  in  20  and  1  in  10,  and  many  of  the  sera  reacting  in  dilutions  of 
1  in  20  and  1  in  10  gave  no  reactions  at  all. 

Further  evidence  of  infection,  not  of  recent  date,  was  also  obtained 
by  examining  the  cows  in  Mr.  Patron's  dairy.  These  cows  are  kept 
under  exceptionally  good  sanitary  conditions,  and  though  they  are 
stall-fed  in  Gibraltar,  a  constant  interchange  with  cows  kept  at  the 
farm  in  Spain  is  kept  up.  When  I  commenced  the  examination 
there  were  12  cows  in  the  dairy  and  49  cows  at  the  farm.  The 
serum  of  one  of  the  cows  (Huelfanita)  in  the  dairy,  when  diluted 
1  in  100,  caused  instantaneous  clumping  of  the  Micrococcus  melitensh. 
This  cow  had  recently  calved,  and  was  in  a  bad  state  of  health  owing 
to  a  retained  placenta.  The  first  secretion  of  milk,  diluted  1  in  100, 
was  also  found  to  agglutinate  the  Micrococcus  melitensis.    Durino-  the 
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next  14  days  30  c.c.  of  the  milk  were  centrifugalised  daily  and  the 
deposit  plated.  The  Micrococcus  melitenm  was  never  recovered.  A 
week  later  the  cow  died,  and  at  the  jjost-mmiem  examination  the  spleen 
was  found  small  and  firm  in  consistence ;  the  glands  also  were  small 
and  fibrous  in  texture.  Cultures  were  made  from  the  spleen,  glands, 
liver,  and  kidneys,  but  no  signs  of  the  Micrococcus  melitensis  appeared. 
From  the  appearances  found  at  the  post-moiiem  examination  it  is 
certain  that  the  cow,  Huelfanita,  had  not  been  recently  infected. 
The  cows  at  the  farm  were  next  examined,  and  the  serum  taken  from 
one  of  them,  when  diluted  1  in  20,  was  found  to  react  with  the 
Micrococcus  melitensis. 

Mode  of  Infection  of  the  Goats  on  the  Rock. — It  appears  probalJ!e  that 
infected  goats  were  imported  amongst  the  herds  brought  from  Malta, 
but  the  disease  now  existing  cannot  have  a  direct  Maltese  origin,  as 
very  few  goats  belonging  to  the  imported  stock  now  remain,  and  none 
of  these  are  infected.  It  might  be  suggested  that  many  of  the  goats 
now  on  the  Rock  are  not  really  infected,  and  that  the  serum  reactions 
given  by  the  descendants  of  the  old  stock  are  due  to  agglutinations 
transmitted  in  utero  from  infected  parents.  In  the  last  report  of  the 
Mediterranean  Fever  Commission  it  was  shown  that  agglutinins  are 
sometimes  transmitted  from  an  infected  mother  to  the  kid.  The 
transmission  of  agglutinins  was  also  noticed  in  the  case  of  several 
kids  born  of  infected  mothers  in  Gibraltar,  and  the  serum  of  the  calf 
of  the  cow,  Huelfanita,  mentioned  above,  was  also  found  to  agglutinate 
the  Micrococcus  melitensis.  But  as  these  agglutinins  did  not  persist 
for  more  than  six  weeks,  and  the  serum  reactions  given  in  the  table 
were  found  little  changed  at  the  end  of  three  months,  it  is  not  likely 
that  they  were  caused  by  agglutinins  transmitted  from  infected 
mothers,  and  the  goats  must  be  considered  really  infected. 

The  transmission  of  the  Micrococcus  melitensis  from  mother  to  kid 
could  not  be  demonstrated  in  Malta,  and  in  Gibraltar  two  apparently 
infected  kids  were  killed  immediately  after  birth,  and  cultures  were 
made  from  the  organs.  Though  more  than  80  cultures  were  made 
not  a  sign  of  the  Micrococcus  melitensis  could  be  discovered.  It  is 
evident,  therefore,  that  the  disease  now  existing  amongst  the  goats 
must  have  been  acquired  on  the  Eock.  In  previous  reports  I  have 
shown  that  the  Mio-ococcus  melitensis  is  excreted  in  the  urine  of  goats, 
and  that  healthy  goats  can  be  infected  by  food  contaminated  with 
urine  containing  the  specific  microbe.  The  evidence  obtained  from 
a  study  of  the  goats  in  the  shed  at  Palace  Gully  Steps  strongly 
supports  the  idea  that  this  is  a  mode  of  infection  now  operating 
amongst  the  goats  on  the  Rock.  The  goats  were  first  examined  at  the 
end  of  October,  1905,  and  five  goats  were  found  to  be  infected.  At 
the  end  of  March,  1906,  the  herd  was  re-examined,  when  five  other 
^oats,  which  were  found  perfectly  healthy  at  the  first  examination. 
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showed  a  blood  reaction,  and  from  the  milk  of  one  of  these  goats  the 
Micrococcus  melitensis  was  isolated.  The  goats  became  infected  during 
the  winter  months,  when  biting  flies  and  mosquitoes  were  not  to  be 
found, 

I  noticed,  however,  that  the  coats  of  the  goats  were  infested  with 
pediculi,  and  as  many  of  these  were  full  of  blood,  I  thought  they 
might  possibly  act  as  a  means  of  conveying  infection.  Accordingly, 
specimens  full  of  blood  Avere  taken  from  infected  goats  and  thoroughly 
washed  with  water,  the  thorax  and  abdomen  were  then  opened  with  a 
sharp  curved  bistoury,  and  the  blood  and  viscera  were  transferred  to  a 
sterile  glass  slide.  A  little  sterile  salt  solution  was  then  added,  and  the 
blood  and  viscera  having  been  thoroughly  mixed  with  it,  the  mixture 
was  drawn  up  in  a  capillary  pipette  and  then  plated  on  glucose-litmus- 
nutrose-agar.  More  than  150  pediculi  were  examined  in  this  manner, 
but  no  signs  of  the  Micrococcus  melitenis  were  discovered. 

The  goats  in  the  shed  at  Palace  Gully  Steps,  during  the  winter 
months,  were  under  the  same  conditions  as  the  contact  experiments, 
related  in  the  Fourth  Report,  in  which  diseased  and  healthy  monkeys 
were  allowed  full  contact,  mosquitoes  and  flies  being  excluded  by 
mosquito  netting.  Under  the  conditions  described,  healthy  monkeys 
became  infected  by  associating  with  diseased  monkeys,  and  the 
infection  could  only  be  attributed  to  micrococci  contained  in  the  urine 
of  the  infected  monkeys.  Other  sources  of  infection  being  excluded, 
it  appears  certain  that  goats  during  the  winter  months  may  become 
infected  in  this  manner. 

During  the  summer  months  it  is  possible,  as  I  stated  in  the  Fourth 
Report,  that  goats  and  cows  may  be  infected  by  mosquitoes  which 
have  fed  on  infected  men  and  animals ;  but  of  this  mode  of  infection 
I  could  not  obtain  any  evidence.  In  one  shed,  during  the  summer 
months,  a  healthy  herd  of  goats  was  only  separated  by  a  wooden 
partition  from  diseased  goats,  but  no  infection  of  the  healthy  goats 
occurred,  though  Culex  pipiens  and  Steijomyia  fasciata,  which  have  been 
shown  to  act  as  carriers  of  the  Micrococcus  melitensis,  are  found 
abundantly  on  the  Rock.  This  result  I  attributed  to  the  facts  that 
there  were  no  cases  of  Mediterranean  Fever  amongst  human  beings  in 
the  vicinity  of  the  goat-sheds,  and  that  the  infected  goats  were  in 
a  chronic  state  of  the  disease,  no  evidence  of  the  presence  of  the 
Micrococcus  melitensis  in  their  blood  or  milk  being  obtainable  at  the 
time. 

The  evidence  of  disease  amongst  the  Spanish  goats  in  Gibraltar  was 
very  interesting,  and  raised  the  question  whether  goats  living  on  the 
hills  and  in  the  towns  in  Spain  are  infected.  The  Spanish  goats 
living  on  the  Rock  were  always  associated  with  goats  of  the  Maltese 
and  "  mixed  "  breeds,  so  they  might  easily  have  become  infected  in  the 
manner  just  described.     But  as  goat-keepers  are  now  introducino- 
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Spanish  goats  to  replace  the  Maltese,  it  was  of  great  importance  to  find 
out  whether  those  entering  the  Fortress  showed  any  signs  of  disease 
VVith  this  object  in  view,  I  examined  a  herd  of  50  goats  livin<^  in 
sheds  on  the  hills  10  miles  from  Gibraltar.  The  goats  were  all  pure 
Spanish  breed  and,  so  far  as  I  could  ascertain,  had  never  been  associated 
with  Maltese  goats  or  lived  in  the  neighbouring  towns. 

Specimens  of  blood  were  taken  from  the  goats  and  examined  in  the 
usual  manner,  but  no  serum  reactions  with  the  Micrococcm  meliiensis 
were  obtained;  all  the  goats  appeared  perfectly  healthy.  Different 
results,  however,  were  obtained  when  I  examined  goats  which  had  lived 
in  the  Spanish  towns  of  Malaga  and  Linea.  The  goat-keepers  informed 
me  that  the  goats  they  were  then  importing  came  from  Malaga,  and 
I  was  led  to  suspect  that  these  goats  might  be  infected,  as  I  had  learnt 
that  when  the  great  exodus  of  goats  from  the  Rock  occurred,  many  of 
them  were  taken  to  Linea  and  Malaga  as  well  as  to  Oran,  Algiers, 
Tangier,  and  other  towns  on  the  African  coast.  The  appearance  of 
some  of  the  goats  arriving  from  Malaga  also  suggested  an  admixture  of 
Maltese  and  Spanish  breeds. 

Just  after  I  had  examined  the  Spanish  country  goats,  a  small  herd 
of  16  goats  was  brought  from  Malaga,  and,  after  living  in  Linea  for 
three  months,  was  allowed  to  enter  the  Fortress.  I  immediately  visited 
the  herd  and  found  that  while  10  were  obviously  pure  Spanish  goats, 
six  showed  distinct  evidence  of  a  Maltese  strain.  Samples  of  blood 
were  taken  and  the  sera  were  tested  in  the  usual  manner.  Two  of  the 
Spanish  goats  gave  reactions  when  the  sera  were  diluted  1  in  10,  and 
two  of  the  mixed  breed  also  gave  a  reaction,  one  with  the  serum  diluted 
1  in  50  and  the  other  with  the  serum  diluted  1  in  10.  Samples  of  milk 
were  then  obtained,  and  10  c.c.  of  each  having  been  centrifugalised, 
the  deposit  was  plated  in  the  usual  manner.  Each  sample  of  milk  was 
also  tested  as  to  its  agglutinating  action  on  the  Micrococcus  melitensis. 
The  results  were  uniformly  negative ;  no  signs  of  the  specific  microbe 
were  observed  in  the  plates  and  the  milk  had  no  agglutinating  power. 
The  goats  in  this  small  herd  were  previously  in  much  the  same 
condition  as  many  of  the  goats  now  living  on  the  Rock,  notably 
those  found  in  the  shed  at  Palace  Gully  Steps. 

At  the  first  examination  the  milk  of  the  infected  goats  in  the  shed 
did  not  contain  the  specific  microbe,  and  had  no  agglutinating  action, 
and  yet  other  healthy  goats  associating  with  them  became  infected. 
Consequently,  the  admission  of  goats  from  towns  in  Spain  cannot  be 
considered  free  from  danger,  and  in  the  interests  of  the  public  health  it 
is  plain  that  all  goats  brought  to  Gibraltar  should  be  quarantined 
until  examinations  of  the  blood  have  shown  them  to  be  free  from 
infection. 
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Conclusion. 

It  appears  probable  that  the  rapid  disappearance  of  Mediterranean 
Fever  from  Gibraltar,  which  commenced  in  1885,  was  intimately 
associated  with  the  exodus  of  infected  goats  from  the  Rock.  Improved 
sanitary  conditions,  especially  the  disconnection  of  waste-pipes  and 
house-drains  from  sewers,  may  have  played  a  part  in  causing  the 
decrease  of  fever,  but  as  the  same  sanitary  improvements  have  been 
carried  out  in  Malta  without  any  corresponding  decline  of  Mediterranean 
Fever,  it  is  fair  to  assume  that  their  effect  was  insignificant  compared 
with  that  produced  by  the  removal  of  infected  goats. 


VI.    BIBLIOGRAPHY  OF  MEDITERRANEAN  FEVER. 

1897  to  1907. 

Compiled  by  J.  W.  H.  Eyri-:,  M.D.,  Referee  for  Volume  R 
(Bacteriology)  of  the  International  Catalogue  of  Scientific 
Literature, 

The  late  Surgeon-Captain  Louis  Hughes  included  a  comprehensive 
bibliography  of  Mediterranean  Fever,  ranging  in  point  of  time  from 
the  Epidemics  of  Hippocrates  (460  to  357  B.C.)  to  the  date  of 
publication,  in  his  own  monograph  on  the  subject,  which  was  entitled 
"Undulant,  Malta,  or  Mediterranean  Fever"  (Macmillan  and  Co., 
1897).  In  this  work  the  bibliography  occupies  the  position  of  an 
appendix  to  Chapter  I  (pp.  29  to  34). 

In  the  compilation  of  his  list — a  work  in  which  he  had  the 
advantage  of  Professor  Zammit's  assistance — Hughes  searched  through 
many  rare  and  some  unique  volumes,  both  in  manuscript  and  in  type, 
lodged  in  the  Bibliotheca  at  Valetta,  and  so  secured  many  valuable 
references  not  elsewhere  obtainable. 

The  present  list  is  a  continuation  of  Hughes'  bibliography,  and 
embraces  the  period  from  the  year  1897  to  the  present  date — 
January,  1907.  In  it  the  arrangement  of  the  papers  bearing  on  the 
subject,  which  Hughes  adopted,  viz.,  grouping  together  such  as 
appeared  in  the  same  year,  has  been  followed,  so  that  continuity  is 
secured ;  but,  as  during  the  past  few  years  the  papers  on  Mediterranean 
Fever  have,  in  the  main,  been  written  by  a  few  observers,  the  refer- 
ences are  also  arranged  in  a  separate  section  in  alphabetical  order 
under  their  respective  author's  names,  in  such  a  manner  as  to  admit  of 
their  utilisation  for  the  purposes  of  a  card  index,  and  corrections  or 
additions  to  this  list  Avill  be  gratefully  received  by  its  compiler.  The 
details  relating  to  each  reference  are  arranged  according  to  the  plan 
adopted  by  the  International  Catalogue  of  Scientific  Literature,*  to  the 
Central  Bureau  of  which — through  its  Director,  Dr.  Forster  INIorley — 
and  particularly  to  the  Regional  Bureaus  of  Germany,  Greece,  and 
Italy,  the  writer  wishes  to  express  his  thanks  for  the  valuable  assistance 
he  has  received  in  the  preparation  of  this  list ;  as  well  as  to  the  many 
correspondents  whose  cordial  help  has  been  highly  appreciated. 

Part  I. — Chronological  List. 

1897.  Bensaude,  R.,  "Le  Serodiagnostic — les  Phenomenes  d'agglutina- 
tion  des  microbes  et  ses  applications  a  la  Pathologie,"  Paris 
(Carre  et  Naud) ;  Freyer,  "  On  the  occurrence  of  Malta  Fever  in 

*  Such  was  tlie  original  intention  of  the  author  of  the  Bibliography,  but  it 
has  not  been  considered  advisable  to  follow  the  plan. — [Sec.  E.S.] 
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India,"  'Brit.  Mecl.  Jonrn.,'  1,  p.  1319;  Grocco,  "Sul  decorso 
dellH  febbre  nella  infezione  tifoidea,"  '  Settimana  Med.  dello 
Sperimentale,'  January  9  and  16;  Jaccoud,  "  De  la  typhoide 
sudorale,"  'La  Semaine  Medicale,'  1.7,  p.  42;  Krek,  R, 
"Ein  Fall  von  Maltafieber  durch  Agglutination  des  Micro- 
coccus  melitensis  nachtraglich  diagnostizierfc,"  'Wiener  klin. 
Woch.,'49,  p.  1076;  Macartney,  J.,  "On  the  occurrence  of 
Malta  Fever  in  India,"  'Brit.  Med.  Journ.,'  1,  p.  1384; 
Macleod,  G.  E.,  "Case  of  Purpura  hemorrhagica  following 
Malta  Fever,"  'Lancet,'  1,  p.  1410;  Notter,  Lane,  "Malta 
Fever,"  Article  in  '  A  New  System  of  Medicine,'  Ed.  Clifford 
Allbutt,  London,  2,  p.  463  ;  Welch,  "The  occurrence  of 
Malta  Fever  in  India,"  'Brit.  Med.  Journ.,'  1,  p.  1512; 
JFright,  A.  E.,  and  Semple,  D.,  "  Note  on  the  technique  of 
serum  diagnosis  of  acute  specific  fevers,"  'Brit.  Med.  Journ.,' 

1,  pp.  139  ;  "  On  the  employment  of  dead  bacteria 

in  the  serum  diagnosis  of  Typhoid  and  Malta  Fevers," 
ibid.,  p.  1214 ;  Wright,  A.  E.,  and  Smith,  F.,  "  On  the  applica- 
tion of  the  serum  test  to  the  differential  diagnosis  of  Typhoid 

and  Malta  Fevers,"  '  Lancet,'  1,  p.  656  ;  "  A  note 

on  the  occurrence  of  Malta  Fever  in  India,"  '  Brit.  Med. 
Journ.,'  1,  p.  911. 

1898.  Aldridge,  A.  R.,  "A  note  on  the  serum  reaction  of  Mediter- 

ranean Fever  and  its  treatment  by  Antitoxic  plasma," 
'Lancet,'  1,  p.  1394;  Bruce,  David,  "Malta  Fever,"  Article 
in  '  Twentieth  Century  Practice,'  (Ed.  T.  L.  Stedman),  New 
York,  14,  p.  555;  Buchanan,  W.J.,  "  Afever  season  in  an  Indian 
Gaol,"  'Lancet,'  1,  p.  38;  Durham,  H.  E.,  "^tiologie  des 
Fiebers  von  Malta," — 9.  internat.  Kongress  zu  Madrid,  '  Hyg. 
Rundsch.,'  15,  p.  768 ;  Kretz,  Pi.,  "A  case  of  Malta  Fever  in 
which  diagnosis  was  confirmed  by  agglutination  of  the  Micro- 
coccus melitensis,^'  'Lancet,'  1,  p.  221  ;  Sichel,  Gerald, 
"  Mediterranean  Fever,"  '  Guy's  Hospital  Eeports,'  53,  p.  89. 

1899.  Birt,  C.,  and  Lamb,  G.,  "Mediterranean  or  Malta  Fever," 

'  Laucet,'  2,  p.  701  ;  Cox,  W.,  "  Report  of  a  case  of  Malta 
Fever,"  '  Philadelphia  Med.  Journ.,'  4,  p.  491  ;  Davalos, 
Juan,  N.,  ["  Does  Malta  Fever  exist  in  Cuba  % "]  '  Cronica 
Medico-Quirurgica ' ;  Durham,  H.  E.,  "Some  observations  on 
the  Micrococcus  melitensis  (of  Bruce),"  '  Journ.  of  Path,  and 
Bact.,'  5,  p.  377  ;  Fitzgerald,  E.  D.,  and  Ewart,  J.  Hoggan 
"A  case  of  Malta  Fever  treated  with  Malta  Fever  Anti- 
toxin," 'Lancet,'  1,  p.  1025  ;  Gordon,  H.  M.,  "Note  on  the 
flagella  of  Micrococcus  melitensis  and  B.  pestis,"  'Lancet,'  1, 
p.  688  ;  Hughes,  M.  Louis,  "Undulant  (Malta)  Fever," 
'Journ.  Trop.  Med.,'  1,  p.  210;  Musser,  J.  H.,  "Further 
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notes  on  a  case  of  Malta  Fever  :  a  study  in  serum  diagnosis," 
'Philadelphia  Med.  Journ.,'  34,  p.  89;  Musser,  J.  H.,  and 
Sailer,  J.,  "A  case  of  Malta  Fever,"  '  Proc.  Path.  Soc.  of 
Philadelphia,'  2,  p.  59. 

1900.  Brunner,  Alf.,  "  Ueber  Maltafieber,"  'Wiener  klin.  Woch.,' 

p.  149;  Ddubler,  Karl,  "  Maltafieber,"  Article  in  'DieGrundziige 
der  Tropenhygiene,'  Berlin,  p.  239 ;  Lamb,  G.,  "  The  occur- 
rence of  Mediterranean  or  Malta  Fever  in  Bombay,"  '  Indian 
Medical  Gazette,'  p.  337  ;  Neusser,  "  Zur  Klinik  des  Malta- 
fiebers,"  '  Verhandlungen  des  Congresses  f  Ur  innere  Medicin,' 
Wiesbaden,  p.  157  ;  Pignero,  G.,  "  Nota  clinica  preventiva 
sopra  una  malattia  infettiva  con  sindrome  setticaemica,  oggi 
di  dominante,"  '  Clinica  moderna,'  Pisa,  6,  p.  389  ;  Strong, 
E.F.,  and  Musgrave,  JV.  E.,  "The  occurrence  of  Malta  Fever 
in  Manilla,"  '  Philadelphia  Med.  Journ.,'  6,  p.  996 ;  Zammit, 
Tern.,  "  The  serum  diagnosis  of  Malta  Fever,"  '  Brit.  Med. 
Journ.,'  1,  p.  315. 

1901.  Bartoli,  "  Un  caso  di  febbre  atipica  tifoidea,"  '  Tipografia  dell' 

Epoca,'  Messina  ;  Curry,  Joseph  J.,  "  Malta  Fever.  A  report 
of  four  cases  of  Malta  Fever  in  the  United  States  Army  and 
Navy  General  Hospital,  Hot  Springs,  Ark.,  among  soldiers 
and  sailors  returned  from  tropical  stations  ;  with  remarks  on 
the  serum  reaction  in  Malta  Fever,"  '  Journ.  Med.  Research,' 

Boston,  6,  p.  241  ;    "  The  fever  of  the  Philippines," 

*  Boston  Med.  and  Surg.  Journ.,'  144,  p.  446  ;  Gi-eig,  E.  0.  W., 
"  Malta  Fever  in  the  Swat  Valley,"  '  Indian  Medical  Gazette,' 
36,  p.  100 ;  Martinez,  Emilio,  ["  Does  Malta  Fever  exist  in 
Havana?"]  '  Re  vista  de  Medicina  Tropical,'  1901;  trans- 
lated in  '  Journ.  of  Trop.  Med.,'  4,  p.  221  ;  Zardo  e  Tiberti, 
"  II  cocco  della  Febbre  maltese  o  mediterranea,"  '  Lo  Speri- 
mentale,'  54,  p.  334. 

1902.  Bentley,  C.  A.,  "Epidemic  Malta  Fever  in  Assam,"  'Indian 

Medical  Gazette,'  37,  p.  337;  "Kala  Azar  as  an  analo- 
gous disease  to  Malta  Fever,"  '  Brit.  Med.  Journ.,'  2,  p.  872 ; 
Dalton  F.  J.  A.,  "  Research  Work  in  Mediterranean  Fever," 
'Health  of  the  Navy,  1901,'  p.  158;  Hislop,  J.  A.,  "The 
Geographical  Distribution  of  Malta  Fever,"  'Brit.  Med. 
Journ.,'  2,  p.  870 ;  Mellaiul,  Brian,  "  Malta  Fever  in  the 
Canaries,"  'Brit.  Med.  Journ.,'  2,  p.  867  ;  Smith,  P.  TV.  B., 
"  The  agglutinating  properties  of  the  blood  in  cases  of  Medi- 
terranean Fever,  with  special  regard  to  Prognosis  ;  and  remarks 
on  other  blood  changes  and  reactions  during  the  course  of 
the  disease,"  'Brit.  Med.  Journ.,'  2,  p.  861,  and  'Journ.  Trop. 

Med.,'  5,   p.  346  ;    "  Report  of  Research  work  on 

Mediterranean  Fever,"  'Health  of  the  Navy,  1901,' p.  131; 
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Spina,  "Sulla  febbre  infettiva  o  sudorale,"  '  Eassegna 
internazionale  di  medicina  moderna,'  Catania  ;  TommaselU,  S., 
"  Febbre  Mediterranea,"  '  Atti  del  1°  Congresso  Medico 
Siciliano,'  1,  p.  29 ;  Zammit,  Tern.,  "  Mediterranean  Fever 
from  a  Sanitary  point  of  view,"  '  Journ.  of  State  Medicine,' 
10,  p.  399. 

1903.  Babh  Vidm;  "Das  Maltafieber  (Mittellandiscbes  Fieber), " 
Article  in  '  Handbuch  der  pathogenen  Mikroorganismen  von 
Kolle  und  Wassermann,'  Jena,  3,  p.  438;  Bentley,  C.  A., 
"  Kala  Azar  as  an  analogous  disease  to  Malta  Fever,"  'Journ, 
Trop.  Med.,'  6,  p.  8  ;  Brault,  J.,  "  La  fievre  ondulante  a  Alger," 
'Archiv.  gen.  de  Med.,'  46,  p.  2881;  Dalton,  F.  J.  A., 

"  Undulant Fever,"  'Practitioner,'  70,  p.  451 ;  "Undulant 

Fever,"  Article  in  '  Encyclopaedia  Medica,'  Edinburgh  (Green 
and  Sons),  13,  p.  29;  Funaro,  G.,  "Etude  sur  la  fievre 
m^diterraneenne,"  '  Bull,  de  la  Soc.  des  Sciences  medicales 
de  Tunis,'  p.  169;  Gilmour,  B.  T.,  "A  few  notes  on  the 
Bacteriology  and  Pathology  of  Mediterranean  Fever," 
'Health  of  the  Navy,  1902,'  p.  202  ;  Hartigan,  IV.,  "The 
duration  of  Malta  Fever,"  '  Brit.  Med.  Journ.,'  2,  p.  1272; 
Hayat,  I.  E.,  "  Contribution  a  I'etude  de  la  fievre  dite 
m^diterran^enne,"  '  These,'  (doctorat  medecine)  Montpellier ; 
Levi,  G.,  "  Orchite  aigiie,  complication  de  la  fievre  mediter- 
raneenne,"  '  Bull,  de  la  Soc.  des  Sciences  Medicales  de  Tunis,' 
p.  197;  Manoiissos,  "Observations  de  fievre  de  Malte,"  'La 
Caducee,'  3  ;  Mason,  C.  F.,  "  Malta  Fever,' '  '  New  York  Med. 

Journ.,'  78,  p.  267 ;  "  Malta  Fever,"  '  Trans.  Texas  Med. 

Assn.,'p.  128  ;  Scheube,  B.,  "  Mittelmeerfieber,"  Article  in  '  Die 
Krankheiten  der  warmen  Liinder,'  Jena,  p.  107  ;  Schoull,  E., 
"  De    la   fievre    de    Mediterranee,"    Tunis,  Imprimerie 

generale;    " De  la  fievre  mediterraneenne,"  'Bull,  de 

l'H6p.   Civil  fran9ais  de  Tunis,'  p.   61 ;  Shaw,  E.  A., 
"  Mediterranean  Fever,"  'Health  of  the  Navy,  1902,'  p.  198 
Smith,  F.   JF.   B.,  "Further  notes  on  the  prevalence  of 
Mediterranean  Fever,"  'Health  of  the  Navy,  1902,' p.  192; 

  "Duration  of  Malta  Fever,"  'Brit.  Med.  Journ.,'  2, 

p .  1584  ;    "  The  relationship  of  Kala  Azar  with 

Mediterranean  Fever,  and  some  details  of  the  hsematology 
of  the  latter,"  'Journ.  Trop.  Med.,'  6,  p.  37;  Zografidi, 
"La  fievre  Mediterraneenne — 75  cas  observes  k  Malte," 
'  La  Caducee,'  3. 

1904.  Allen,  S.  G.,  "  Some  observations  on  an  outbreak  of 
^lediterranean  Fever  in  Malta  last  year,  with  special 
reference  to  the  'Air-borne'  theory  of  conveyance  of  the 
infection,"  'Journ.  Royal  Army  Med.  Corps,'  2,  p.  699  ; 
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Bruce,  JJavid,  "Malta  Fever,"  «Brit.  Med.  Journ.,'  2,  p.  323  ; 

 "  Malta  Fever,"  Part  I  (Editorial),  'Journ.  Royal  Army 

Med.  CoriDs,'  2,  p.  485  :  Part  II  (Editorial),  p.  731 ;  Carbone,  T., 
"  Uii  caso  di  febbre  di  Malta,"  '  Arch,   per  le  Scienze 
Med.,'  28,  p.  273  ;   Cmmall,  "Note  on  the  diagnosis  of 
Malta  Fever  in  India,"  '  Indian  Medical  Gazette,'  p.  236  ; 
Craig,  C.  F.,  "Observations  on  Malta  Fever  in  the  United 
States  Army,"  '  Journ.  Assn.  Military  Surgeons,  U.S.,'  15, 
p.  264;   Dalton,  F.  J.  A.,  and  Fijre,  J.  JV.  H.,  "On  the 
resistance  of  the  3£icrococcus  melitensis  to  moist  heat,"  '  Journ. 
of  Hygiene,'  4,  p.  157 ;  Eyre,  J.  W.  H.,  and  Fawcett,  /., 
"  A  case  of  Subdiaphragmatic  and  hepatic  abscess  consecutive 
to  Mediterranean  Fever,"  'Guy's  Hospital  Reports,'  59, 
p.  207;  Gilmour,  B.  T.,  "The  isolation  of  the  Mia  •ococcm 
melitensis  from  the  synovial  fluid  of  a  knee-joint  in  a  patient 
suffering  from  Mediterranean  Fever,"  '  Health  of  the  Navy, 
1903,'  p.  ]  65 ;  Gnudi,  Antonio,  "Intorno  ad  un  caso  di  febbre  di 
Malta,"  'II  Policlinico ' ;  Roma,  11,  p.  338,  also  'Boll.  sc.  med. 
Bologna,'  4,  p.  133;   Kennedy,  J.  C.,  "Notes  on  a  case 
of  chronic  synovitis  or  bursitis,  due  to  the  organism  of 
Mediterranean  Fever,"  '  Journ.  Royal  Army  Med.  Corps,'  2, 
p.  178 ;  Konricli,  F.,  "  Untersuchungen  iiber  die  Agglutination 
des  Micrococcus  melitensis,"  '  Zeitschr.  fiir  Hygiene  u.  Infek- 
tionskrankheiten,'  46,  p.  261;  Mangin,  F.  M.,  "Malta  Fever 
in  England,"  'Journ.  Royal  Army  Med.  Corps,'  2,  p.  729  ; 
Nicolle,  Oh.,    "Sur  I'existence  en  Tunisie  de    la  fievre 
mediterraneerine,"  '  C.  R.  Soc.  Biologic,'  57,  p.  295  ;  Shaw, 
E.  A.,  "Some  considerations  Avith  regard  to  Mediterranean 
Fever,"  '  Health   of  the   Navy,    1903,'  p.   158  ;  Smith, 
P.  JV.  -5.,  "  Further  notes  on  the  distribution  and  etiology  of 
Mediterranean  Fever,"  'Health  of  the  Navy,  1903,'  p.  153; 

 "  The  Etiology  of  Mediterranean  or  Undulant  Fever 

from  a  Naval  Standpoint,"  '  Brit.  Med.  Journ.,'  2,  p.  324. 
1905.  '  Kolonial  -  Abteilung  des  Auswartigen  Amts.  Medizinal- 
Berichte  iiber  die  deutschen  Schutzgebiete  .  .  .  fiir  das 
Jahr  1903—4,'  "  Maltafieber,"  Berlin,  p.  41;  "Reports  of 
the  Mediterranean  Fever  Commission,"  Part  I,  March, 
pp.  Ill,  Part  II,  April,  pp.  80,  Part  III,  August,  pp.  98; 
Axisa,  Edgar,  "Ueber  Leukopenic  bei  Maltafieber,"  'Centralbl. 
f.  innere  Med.,'  26,  p.  281;  Cippitelli,  M.,  "  Su  di  un  caso 
di  febbre  di  Malta,"  'Bollettino  della  Societa  lancisiana 
degli  Ospedali  di  Roma,'  25,  p.  152;  Eyre,  J.  W.  H., 
"  Observations  on  the  virulence  of  Micrococcus  melitensis  for 
the  Guinea-pig,"  '  Reports  Med.  Fever  Commission,'  2,  p.  67 ; 
Gilmour,  R.  T.,  "  Description  of  a  method  of  cultivating  the 
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Micrococcus  melitensis  from  small  quantities  of  peripheral 
blood,  and  inoculation  experiments  with  the  micro-organism 
isolated,"   'Reports   Med.   Fever  Commission,'  1,  p.  73; 

 "  The  year's  work  at  the  Laboratory,  Eoyal  Naval 

Hospital,  Malta,  for  1904,"  'Health  of  the  Navy,  1904,' 
p.  166 ;  Haijat,  I.  E.,  "  Sur  neuf  cas  de  fievre  mediterrant^enne 
avec  s^rodiagnostic,"  '  Bull,  de  la  Soc.  des  Sciences  Medicales^ 
de  Tunis,'  p.  152;  Hoirocks,  IV.  H.,  "On  the  duration  of' 
life  of  the  Micrococcus  melitensis  outside  the  human  body," 

'Reports  Med.  Fever  Commission,'  1,  p.  5;   "Further 

Studies  on  the  saprophytic  existence  of  the  Micrococcus 
melitensis"  '  Reports  Med.  Fever  Commission,'  1,  p.  14 ; 

 "  On  the  recover}''  of  the  Micrococcus  melitensis  from 

the  urine,  faeces,  and  sweat  of  patients  suffering  from 
Mediterranean  Fever,"  'Reports  Med.  Fever  Commission,'  1, 

p.  21  ;  "  Experiments  on  the  mode  of  conveyance  of 

the  Micrococcus  [melitensis']  to  healthy  animals,"  '  Reports  Med. 

Fever  Commission,'  1,  p.  46  ;   "  Preliminary  note  on 

Goats  as  a  means  of  propagation  of  Mediterranean  Fever," 
'  Reports  Med.  Fever  Commission,'  3,  p.  84  (and  '  Proc.  Roy. 

Soc.,'  Series  B,  76,  p.  378) ;   "  On  the  duration  of  life 

of  the  Micrococcus  melitensis  in  unsterilised  soil,"  'Reports 
Med.  Fever  Commission,'  3,  p.  27 ;   "  Contact  Experi- 
ments," *  Reports  Med.  Fever  Commission,'  3,  p.  32 ; 
Johnstone,  Balph,  JF.,  "  Report  upon  the  general  sanitary 
circumstances  of  the  Maltese  Islands,  with  special  reference 
to  the  prevalence  of  Mediterranean  Fever  therein,"  '  Reports 
Med.  Fever  Commission,'  2,  p.  3  ;  Kaller,  71/.,  "  Das  Malta- 
fieber  in   Smyrna,"  Wien  u.  Leipzig,  also  '  Zeitschr.  fiir 

Heilkunde,'  26,  p.  552  ;  "La  Fievre  de  Malte  a  Smyrne 

et  r£pidemie  des  Drs.  W.  Chasseaud  et  G.  Diamantopoulos," 
'Janus,'  Utrecht,  10,  pp.  311  and  364;  Kennedy,  J.  C,  "  On 
the  recovery  of  Micrococcus  melitensis  from  the  urine  of  Medi- 
terranean Fever  patients,"  '  Reports  Med.  Fever  Commission,'  3, 

p.  56  ;   "  On  the  vitality  of  Micrococcus  melitensis  in  urine 

(in  which  it  has  been  excreted)  on  cloth",  in  dust,  sterile  tap- 
water  and  sterile  milk,"  '  Reports  Med.  Fever  Commission,' 

3,  p.  71;   "Examination  of  goats'  blood  for  reaction 

to  Mediterranean  Fever,"  '  Reports  Med.  Fever  Commission,' 

3,  p.  91  ;   "A  case  of  double  and  simultaneous  infection 

by  the  organisms  of  Enteric  and  Malta  Fever,"  'Journ. 

Royal  Army  Med.  Corps,'  4,  p.  364  ;   "  Malta  Fever  in 

the   Military   Hospital,  Yaletta,  during   the  years  1897  

1904,"  'Journ.  Royal  Army  Med.  Corps,'  4,  p.  634;  Lemaire 
et  Gillot,  "Sur  la  fievre  dite  de  Malte     Alger,"  'Bull,  et 
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Mem.  de  la  Soc.  m^d.  des  H6p.  de  Paris,'  22,  p.  818 ; 
McNahh,  D.  J.,  "  Notes  on  the  treatment  and  symptoms  of 
Mediterranean  Fever,"  'Health  of  the  Navy,  1904,' p.  163; 
Nicolle,  Ch.,  "Le  s^rodiagnostic    de    la    fi^vre  m^diter- 

raneenne,"  '  C.  K.  Soc.  Biologic,'  59,  p.  240  ;   "  Specificity 

de  la  sero-reaction  dans  la  fievre  m^diterran^enne,"  '  C,  K. 
Soc.  Biologie,'  59,  p.  242;  Nkolle,  Ch.,  et  Hayat,  I.  E., 
"  Application  du  serodiagnostic  a  I'^tude  de  la  fievre  mediter- 
ran^enne  en  Tunisie,"  '  C.  R.  Soc.  Biologie,'  59,  p.  245; 
Nicolle,  Ch.,  et  Triolo,  M.,  "  La  fievre  mediterraneenne  en 
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